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ic acid} A paper prese ove on 1 July 24, 1947, at the 
h time} Francisco, Calif., by Justus B. Eddy, Engr. of Water Pipe Extension, 
. New Bureau of Eng., Dept. of Public Works, Chicago. 

P, with 

EASURING, locating and stop- 

ed with ping 272 mgd. of unseen (and __ in Chicago. 

— often unheard) underground leakage 

ng 


J] was the task accomplished by the Chi- 
’ cago Dept. of Public Works in the 


C. Hf l5-year period from 1932 to 1947. 
1 Can, The reports of the department show 
ree that no effort was made to locate and 
ving at} stop such unseen leakage before 1907. 
ent off In that year, however, the annual re- 
om aC} port of the Water Pipe Extension Di- 
‘eum vision states that “the city established 
15 min} @2 Organized corps of engineers for 
storag’} the purpose of reducing the existing 
highe} high rate of water supply in the city of 
unts } Chicago,” and the Water Survey Di- 
“eer vision located and stopped underground 
ve, ani) leakage amounting to 1.6 mgd. In 
dof upp 1912 the figure was 8.5 mgd. 

me The water surveys made during the 
<a years from 1907 to 1912 covered about 
hich Ac} 29 square miles of the older sections 
Gener} of the city and disclosed beyond a doubt 
for fish 


that large quantities of plumbing leak- 


iste} 
Kans Leakage Work in 


Annual Confe rence, Seu 


age and underground leakage existed 
An estimate made in 1911 
from data accumulated by this survey 
placed the losses at 50 per cent of the 
pumpage. No appropriation for the 
work was made in 1913, however, and — + 
the organization was disbanded. 

In 1910 in an effort to avoid break- 
ing into newly laid pavements to repair 
underground leaks, the city embarked 
on a program of inspecting and testing 
mains and service pipes to fhe curb 
stopcock to discover and stop under- 
ground leakage in advance of paving. 
This work has been carried on vith 
regularity to date. a 

In 1926, in conjunction with a meter-_ ~ 
ing program affecting about 16 square 
miles in the southeastern part of the — 
city, an Underground Street Leakage 
Section, consisting of three field crews, bed 
was organized. These crews were very _ 
successful in their work and stopped 
about 6. 5 mgd. of underground leak- 


a 
71 


age during the period they were in the 
field. The amount of plumbing and 
underground leakage stopped in the 
section completely metered exceeded 
55 per cent of the water pumped to 
that section. In thé spring of 1927 
the metering was discontinued and, by 
the close of 1928, the crews were also 
disbanded for lack of an appropriation. 
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out an intensive plan of leakage work. 
To be successful, such a plan required 
that the entire distribution system be 
tested and repaired. 

Finally, in 1932, an appropriation 
was granted by the City Couneil. 
Eight field crews were organized and 
trained to locate and stop underground 
leakage, and the amount of money 
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Intensive Program 


From the experience gained in the 
1907-12 surveys and those of 1926-28, 
the officials in charge of the Water 
Distribution System were aware that 
large quantities of underground leak- 
age were being lost to the sewer sys- 
tem day after day. Although they 
attempted on numerous occasions to 
attack this problem, the primary diffi- 
culty was that of obtaining an appro- 


priation of sufficient money to carry © 


1930 
Years 


now deals. 


Leakage Stopped From 1916-47 


spent on the work in that year was 
$128,000. In 1934, the amount ap- 
propriated was $390,000, and the num- 
ber of field crews was increased to 
twelve, and this allocation has con- 
tinued to date. It can therefore be 
said that the real program to reduce 
underground losses in the Chicago 
Water Distribution System was begun 
in 1932. It is with the results of this 
intensive program that this discussion 
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The following data concerning the 
distribution system will help to clarify 
some of the problems that were faced 
when the intensive underground leak- 
age program was begun: 

The soils in which the distribution 
mains are laid consist largely of sand 
and clay, with some small sections laid 
in rock. A few sections of the city 
have been filled over the original soils 
to depths of about 6 ft., and in these 
areas the mains are about 10 ft. below 
street grade—in some places below 
three separate pavements. All other 
sections of the city have mains with 
soil cover of from 3 to 543 ft. The 
sewers are generally laid from 7 to 10 
ft. below street grade and thus are 
generally below the level of the water 
mains and service pipes. In many 
sections of the city, shut-off boxes on 
service pipes had almost completely 
disappeared. 

For purposes of construction, main- 
tenance and operation of the distribu- 
tion system, the city is divided into 
three districts. At the close of 1946, 
there were 1,449 miles of mains in the 


| North Dist., 1,000 in the Central and 
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1465 in the South: a total of 3,914 
miles of water mains. 

Of the pipe in service, 3,154 miles 
have been initially tested in the past 15 
years. In the Central Dist., which in- 
cludes the oldest mains and services, 
and in which the initial survey showed 
the greatest leakage per mile of pipe, 
retesting was begun in 1944 and has 
covered 239 miles of pipe which were 
first tested from 1932 to 1935. In the 
initial survey the average leakage 
stopped per mile of pipe in 239 miles 
was 172,000 gpd.; twelve years later, 
the leakage found in the same section 
was 97,000 gpd. The number of leaks 
found in the second survey was 30 per 
cent of the number located in the in- 


itial survey, and the mileage of pipe 
found tight on the first test of the sec- 
ond survey was 46.9 per cent, com- 
pared to 23.3 per cent in the initial 
survey. In the second survey, leakage 
per mile was 56.2 per cent of that of 
the first survey; thus it may be seen 
that it will be a profitable operation 
to retest in all of the older sections 
of the city. 

The leakage stopped yearly from 


1916 to 1946, inclusive, has been 
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Annual Average Pumpage 


plotted in Fig. 1. From 1932 to 1946, | 
inclusive, the total leakage stopped was 
272 mgd., which amounts to 27.4 per 
cent of the average daily pumpage for _ 
the same period. The distribution of 
the leakage stopped is given in Table 1. 


Reduction of Pumpage 


The vigorous underground leakage 
campaign waged during the past fifteen 
years has not only arrested the rapid 
rise in annual average pumpage; it 
has actually lowered the pumpage rate. | 
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The 1946 rate of pumpage was ap- 
proximately 90 mgd. less than the rate 
for the year 1930, and this decrease 
has been brought about despite an 
increase of 130 mgd. in the metered 
water requirement from 1931 to 1946, 
as shown by the “metered water”’ curve 
of Fig. 2. 

The “unmetered water” curve in Fig. 
2 shows a rapid rate of increase from 
1900 to 1929, but since that year there 
has been a steady decline. The reduc- 
tion from 1932 to 1947 amounts to 
approximately 200 mgd. The present 
rate of unmetered water pumpage 
equals that of 33 years ago. 
TABLE 1 

i 


Distribution of Leakage Found | 
From 1916 to 1946 


Leak Classification Amount of Leakage 


| 


med. per cent 

Service | 135.16 | 49.7 

Broken pipe........... 10.55 3.9 
6.61 2.4 

Abandoned pipe (not | 

22:51 8.2 


During the period from 1932 to 
1947, very few single- and two-family 
‘homes have been placed under meter 
control, since these two classes are ex- 
empt under the present ordinance. 
Thus, although the vast majority of 
the services installed during the past 
15 years have not been metered, the 
amount of water pumped for the un- 
metered service has been reduced by 
about 200 mgd. 

In the construction of a few housing 
projects, old unmetered buildings have 
been razed and new housing of multi- 
ple units built, all of which have been 


placed under meter control. Also, jp 
some sections many obsolete unme- 
tered buildings have been razed and 
the property left vacant. The net re. 
sult is that the number of unmetered 
services in 1947 is 4,000 less than in 
1932, since all old unused services have 
been cut off and removed from the 
active accounts. It is estimated that 
complete metering of all services and 
continuous underground leakage sur. 
veys can reduce the unmetered pump- 
age an additional 260 mgd. 

The ‘metered water” curve shows a 
steady increase through 36 years ex- 
cept for 1932, 1937 and 1938. The 
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increase from 1932 to 1947 is accounted 
for largely by the increasing industrial 
demand, by metered housing projects 
and by the increase in consumer de- 
mand outside the city. 

The “accumulated underground leak- 
age” curve indicates consistent yearly 
savings from the 15 years of intensive 
work. This curve will rise less rapidly 
in the future, because the entire mile 
age of pipe will soon be completely 
tested and recurring leakage will not 
equal that found in the first survey. 

The normal weather pumpage shown 
in Fig. 3 applies for about eight months 
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of the year, that is, for periods when 
temperatures are not more than 20° 
above or below Chicago’s mean annual 
temperature of 48.4°F. 

Twenty-four hour demand curves 
have been plotted from the log of 
pumpage as recorded at all the pump- 
ing stations in the city for April 1930 


(mean temperature 49.2°F.), and 
for April 1945 (mean temperature 
498°F.). The total pumpage for the 


month of April 1945, was 130 mgd. 
less than that for April 1930. This 
reduction in pumpage was brought 
about by stopping 245 mgd. of under- 
ground leakage during the 15-year pe- 
riod, while the metered water increased 
by 100 mgd. during the same years. 
“The average head carried at the 
umping stations for April 1930 was 
125 ft., and the average delivery pres- 
sure was 35 psi. For April 1945, the 
average head at the pumps was 122 ft. 
and the delivery pressure 38 psi. 


Improved Grid Conditions 


The rates of pumpage required to 
meet the maximum demands for the 
years from 1900 to 1946 have been 
plotted in Fig. 4. The highest demand 
is almost invariably reached at 8:00 
P.M. in extremely hot weather after a 
week or more without rainfall. This 
maximum hour demand usually occurs 
on the day having the highest average 
pumpage of the year. It may be seen 
that the rise in the maximum hour de- 
mand was very rapid from 1900 to 
1931, but that the rate of increase has 
been considerably reduced by the 15- 
year campaign of underground leakage 
abatement. Up to 1931, this maximum 
hour pumpage was always accompanied 
by extremely low grid pressures. 
There has since been a marked im- 
provement in this, brought about grad- 
ually but surely through the alae 15 
years. 


Two maps (Fig. 5 5A and show 
the conditions prevailing at 8:00 p.m., 
the maximum hour for the years 1933 
and 1943, respectively. It is of inter- — 
est to compare these two years for the 
following reasons: 

1. Industrial demand for water was 
at a minimum in 1933, whereas in 1943, 
because of war demands, it was ap-_ 
proaching an all-time high. 
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The maximum hour “pumpage 
rate for 1933 was 1,467 mgd.; in 
1943 it was 1,487 mgd. Thus it is 
seen that total demand placed upon — 
the system was about the same in 1943 _ 
as it was 10 years earlier. 

3. The average pumpage for the 
maximum day in 1933—June 27—was 
1,261 mil.gal.; for 1943—Aug. 11—it | 
was 1,207 mil.gal. 

4. The maximum demand was — 

reached in 1933 after nine days of hot, 
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dry weather; and in 1943 after seven During the 1l-year interval from 
days of similar weather. 1932 to 1943, underground leakage © 


5. The average grid pressure at curb totaling 223 mgd. was stopped, and ~ 
grade for the maximum hour was 20 this was the largest single factor in © 
psi. in 1933 and 33 psi. in 1943. bringing about higher grid pressures in 

6. In 1933, pressures were 25 psi. or 1943. Other factors of importance 
more in 36 square miles of the city were: 
area, and less than 25 psi. in 176 square 1. Plant additions made from 1933 _ 
miles. In 1943, pressures were 25 to 1943, the more important of which — 
psi. Or more in an area of 180 square are: (a) Chicago Ave. 16-ft. tunnel 
miles, and under 25 psi. in only 32 with connecting tunnels to Chicago 


square miles. a in Cermak, Central Park and 


| 
| 
3 
| 


720 


Springfield Ave. Pumping Stations; 
(b) Cermak Pumping Station of 300- 
mgd. capacity, with its attendant feeder 
mains which replaced the Harrison 
St. Pumping Station of 45 mgd. ca- 
pacity; and (c) Two 80-mgd. pumps 
added, one at Central Park Ave. Sta- 
tion and one at Springfield Ave. Sta- 
tion, and increased feeder main capac- 
ity from both of these stations. 

2. Distribution pressure control—a 
factor of great importance during the 
war because the reduction of 127 mgd. 
of underground leakage from 1932 to 
1943—coupled with the plant additions 
in the Central Tunnel Zone, made it 
possible to expand that zone both north 
and south of the 1933 limits, which re- 
sulted in generally higher and more 
evenly distributed pressures through- 
out the entire city. 

3. Reduction of plumbing leakage as 
a result of house-to-house inspections 
which were begun in 1942 and carried 
on throughout the war. 

4. Conservation to aid the war ef- 
fort by consumers generally, and closer 
supervision over fire hydrants turned 
on by children in hot, dry weather to 
provide water for wading pools. 

The annual average daily pumpage 
and the gross revenue have been plotted 
in Fig. 6 for the years from 1900 to 
1946, inclusive. These two curves fol- 
low paths closely paralleling each other 
from 1900 to 1932, where they part 
company because of the reduction in 
pumpage which has been effected by 
the underground leakage campaign. 
Gross rates for water in Chicago have 
not been increased in 40 years, and the 
gross revenue has been plotted to 
avoid making adjustments due to 
changes in the discount rates made in 
various years, and also to avoid making 
adjustments for unpaid water bills and 
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Despite an average daily pumpage 
drop from 1,035 mgd. in 1932 to 979 
mgd. in 1946, the gross annual revenye 
has increased from the depression oy 
of $14,920,000 in 1932 to $19,599, oq 
in 1946. No better proof of the valye 
of the efforts expended in stopping 272 
mgd. of underground leakage can fe 
presented than this. The water saved 
has been made available to rapidly ey. 
panding industries and to growing 


communities outside the city, resulting 


in increased revenue to the city. Say. 
ings have resulted in reduced power 
costs for pumping, reduced repair and 
rehabilitation added life for 
pumps, boilers and motors, and de. 
ferred plant construction. 


Indirect Effects 


It was previously mentioned that 
the metered consumption rose consid- 
erably during the 1932 to 1946 period, 
while the underground leakage pro- 
gram was being pushed. The very 
sharp rise in metered consumption be- 
tween 1941 and 1946 was due largely 
to the new war industries which were 
built in and adjacent to Chicago, 
mainly because of the availability of 


costs, 


water. The metered water used by 
new and converted war _ industries 
amounted to about 100 mgd. The im- 


mediate availability of such a large quan- 
tity of water daily can be credited to 
the underground leakage work of the 
years previous to 1942. Thus, this 
huge reservoir of water capacity, built 
up through leakage work, made pos 
sible an industrial and domestic ex- 
pansion in and adjacent to Chicago that 
might otherwise never have occurred 
In the same way, the additional quan- 
tities of water saved by undergrouné 
leakage activities in the years to come 
will continue to attract industries to 
Chicago. It is estimated that complete 
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metering and the continuance of un- 
derground leakage work in the future 
sill postpone for many years the need 
or water plant expansion, despite the 
anticipated normal future growth of 
he city and its adjacent communities. 

An inspection of the pressure curve 
hows an increase from about 25 to 
psi. in the late 1920's. This sharp 
increase was brought about by the 
addition of Western Ave. and Thomas 
lefferson Stations to the system. The 
werage delivery pressure maintained 
at present for normal weather is about 
38 psi. The range above and below 
this average (about 12 psi.) for vari- 
ous sections of the city depends upon 
the distance from the pumping’ sta- 


Better Fire Protection = 

In 1934, an intensive survey was 
made to locate every point on the grid 
system where a deficiency in fire flow 
requirements existed. In this work, 
the co-operation of the engineers of 
the National Board of Fire Underwrit- 
ers was extended. Thousands of rat- 
ings were requested and established by 
the N.B.F.U. As many as 25 fire flow 
tests were made in a single 160-acre 
tract, and a complete report was made 
with recommendations for correction 
where fire flows were found to be de- 
ficient. At the beginning of World 
War II, of 676 deficiencies in fire flow 
ound from 1934 to 1941, 658 had 
been brought up to or above the re- 
quirements of the N.B.F.U. The 
greater part of the deficiencies re- 


maining on Dec. 31, 1941, were of 
minor importance. 

The fire protection work was con- 
tinued throughout the war and, in ad- 
dition to the department’s own work, 
the War Department called upon its 
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tion and the elevation of the ground. 


plants which were engaged in produc- 
ing vital materials. Water department 
engineers also instructed War Depart- 
ment inspectors in the method of mak- 
ing fire flow tests. 

From 1934 to 1946, inclusive, 6,972 
fire flow tests were made. These tests 
showed that 6,265 locations had ade- 
quate, and 707 had inadequate, fire 
flow. By Dec. 31, 1946, 685 deficien- 
cies had been corrected. The remain- 
ing 22 deficiencies are minor, the 
greater part being within 10 per cent 
of requirements. 

The stopping of 272 mgd. of under- 
ground leakage during the past 15 
years, with consequent higher and 
more evenly distributed grid pressures, 


has been a major factor in bringing 
_ about better fire protection and lower 
fire insurance rates in Chicago. 


The amount of underground street 
leakage stopped is calculated to be 272 
mgd. of December 1946. The 
amount stopped as of June 30, 1947, is 
280 mgd. The amounts of leakage 
stopped have been measured either by 
meter or by pitometer. 


as 


Conclusion 


15 


leakage work may be summarized as: 


The achievements of vears of 

1. Lower daily pumpage 
with higher delivery pressure. 

2. Lower cost of operation through 
a saving in coal and power costs. Ex- 
tended life of pumps, boilers and mo- 
Lower cost of maintenance. 

3. Lower maximum hour demand 
with greatly improved delivery pres- 
sure at high hour. 

4. Postponement of plant construc- 


average 


tors. 


tion. 

5. Meeting of all requirements for 
water during World War II without 
increasing the water supply plant. 
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Meir A paper presented on July 24, 1 
Francisco, Calif., by Harry P. 

DeBerard, 
Engineering of the Dept. of Publ 


pe RCHASING the large dollar 

value of goods required for the 
operation of the Chicago water works 
system is a large-scale undertaking. 
There has been a great increase in com- 
plexity in the water supply business 
since Moses tapped the rock with his 
staff. The cost of operating the Chi- 
cago system amounts to approximately 
$7,000,000 annually, and expenses for 
maintenance and expansion add almost 
$5,000,000 more. 

To supply this system with mate- 
rials requires aggressive planning in 
advance by each division of the Bu- 
reau of Engineering of the Chicago 
Dept. of Public Works. In attempting 
to anticipate its needs for the coming 
year, the water department calls upon 
the proper state, county and city high- 
way departments, from which it learns 
how many miles of street extensions 
are to be carried out during the next 
fiscal period. The water department 
must then make provisions to obtain 
the necessary water pipe, valves, hy- 
drants, cocks, calking materials and 
accessories for these projects, over and 
above the normal amounts required for 
routine operation. 

In private business, a requisition 
would be referred to a_ purchasing 


dep 

trac 

947, at the Annual Conference, San par 
Hagedorn, Engr. of Tests and In- are 
City Engr., both of the Bureau of par 
ic Works, Chicago. eng 
eral 

agent, who could then get in nist 


with past suppliers of the items neede§ PO" 
and, within a matter of a week or gf 


would have his order placed. The cit 
however, cannot do things in this map 
ner. Instead, legal requirements makg‘ 
it mandatory that all purchases amount 
ing to $500 or more be made on coy 
tract. 

The city Code also requires that 
request for bids be advertised for 


least ten days in a specified Chicag ) 


daily paper. If the amount of mone 
involved, or the type of equipmen 
makes the attraction of nation-wid 
competition advantageous, bids are alsj 
solicited in various trade journals. | 
is further required that the city awar 
all contracts to the lowest responsibl 
bidders. 


Specifications 

To acquaint the prospective supplies 
with all of the necessary characteristic 
of the items desired, it is imperatir 
that the specifications be well writter 
It is endeavored to obtain the wides 


as 


selection consistent with utility, quality ‘P& 


and price. The general specification 
make for more competitive bidding 
save money for the purchaser. If] 
water pipes are required, for exampk 
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the specifications include not only cast 
ion and enameled steel, but also rein- 
jorced concrete pipe. 

Writing a complete set of specifica- 
ions calls for close contact and team- 
york in the bureau between the appro- 
priate departments. Through the co- 
operation of engineers from the water 
department with those from the con- 
tract, construction and inspection de- 
partments, all phases of the problem 
are brought into focus. The water de- 
partment designing and construction 
engineers supply the practical consid- 
erations, the engineer of contracts fur- 
nishes the legal and financial view- 


point, and the inspection engineer 
covers the technical aspects. 

The bureau leans heavily on the 
A.W.W.A. specifications for water pipe 
and specials, valves, and coatings, and 
certain specifications of the federal gov- 
ernment and the Society of Automo- 
tive Engineers are indispensable; but 
chief reliance is placed upon the Stand- 
ards of the American Society for Test- 
ing Materials. The importance of 
these four groups of specifications is 
not to be exaggerated, however. They 
are short cuts that cannot be followed 
blindly ; they must be carefully selected, 
enlarged or qualified to fit local needs. 

An accurately kept, cross-referenced 
file of statistical records of inspections, 
testing and service is found invaluable 
as a reservoir for specifications mate- 
rial. When it is found that an item 
having certain characteristics gives sat- 
isfaction in service, these characteris- 
tics, if practical of attainment in the 
trade, are included in future specifica- 
tions. Thus it is seen that tailor-made 
specifications call for the exercise of 
judgment in the selection of the best 
of many possibilities. 


If largy 
camp 


The next important step in purchas- 
ing is the awarding of the contract. 


Quality, delivery, price and guarantees — 
must all be accurately weighed. When — 


samples are called for, they must be — 
analyzed and inspected carefully to de- _ 


termine the ability of the prospective 


contractor to furnish acceptable mate- 


rial—it is surprising that some bidders — 
cannot even furnish an acceptable sam-_ 


ple. Then too, investigations of the 
plant facilities are frequently made, in 


contractor can manufacture the goods 
specified. 
When pumping and power plant 


equipment is required, 


designs are frequently solicited. These 
must be carefully checked by the bu- 
reau'’s designing engineers before any 
bid is considered by the engineer of 
contracts. 


Testing and Inspection 


Enforcement of the specifications, — 


after a contract is let, is a function of 
the Testing and Inspection Depart- 
ment. The bureau agrees with the 
manufacturer who advertises that “one 
test is worth a thousand expert opin- 
ions.” When millions of dollars worth 
of material are purchased yearly, there 
can be no question of the importance 
of checking the quality of the goods. 
This course is followed by other pur- 


chasers of volume materials in every — 


phase of business, private and public. 
The bureau, too, feels that testing and 
inspection is a necessity in any large- 
scale buying of materials, and believes 
that this policy is beneficial in many 
ways, not only to the purchaser, but 
also to the contractor who furnishes 
the materials. 

The advantages to the purchaser are 
that: 

1. Inspection and testing give him 
close control of quality and workman- 
ship. 


order to ascertain whether or not the _ 
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_ 2. The presence of his representative 
at the source of supply often proves 
helpful in expediting delivery of criti- 
cally needed materials. The inspector’s 
personal contact with the manufacturer 
has proved especially invaluable during 
this period of material shortages. 

3. The cost of insuring the receipt 
of quality material is very reasonable. 
The average cost of inspection by the 
city of Chicago is about 2 per cent of 
the total value of the materials in- 
spected. 

The advantages to the contractor are 
that: 

1. The mere knowledge that the job 
he is bidding on is going to be inspected 
assures him that all bidders will have 
to furnish substantially identical prod- 
ucts. Thus he can estimate a lot more 
closely in determining his bid. 

2. His own workmen become more 
alert and careful when the product is 
scrutinized by an outside inspector. 
This is conducive to more efficient pro- 
duction and much less waste of time 
and materials. 

3. The presence of a trained 
spector in his plant often enables the 
contractor to iron out bottlenecks in 
production. Because of the experience 
he gained inspecting the same materials 
in other plants, the inspector is often 
able to offer very good advice on meth- 
ods of quick and efficient production to 
a contractor who is supplying a prod- 
uct for the first time, provided, of 
course, that the processes or methods 
he has observed elsewhere are not con- 
fidential. 

A few years ago, poor quality was 
blamed on the war. Market conditions 
are still such that customers are glad to 
get delivery almost regardless of qual- 
ity. The manufacturer is not disturbed 
when the Chicago inspector rejects an 
item, for someone else will gladly accept 


in- 
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it. It is little wonder then, that quality 


is giving way to production. Under 
these conditions, an inspector who 
knows his work, and knows where to 
draw the line between what can be 
accepted and what should be rejected, 
is a great asset. Under no circum. 
stances, however, is he permitted ty 
deviate from the specified tolerances 
without consulting the home office 
Deviations from the letter of the speci- 
fication or even substitutions are occa- 
sionally allowed, provided that the 
quality of the material is not adversely 
affected and the necessary adjustment 
of price is made. 


Personnel 


When selecting inspectors to repre- 
sent the city of Chicago in the offices 
and shops of the contractors, the bu. 
reau endeavors to obtain men with a 
well-balanced practical and_ technical 
background. They must meet with 
representatives of the producers before 
work starts. They must be familiar 
with and must be able to interpret 
chemical analyses, tensile, compression, 
hardness, hydrostatic, static and dy- 
namic balancing, magnetic and X-ray 
tests. They must be able to recognize 
a sound casting. They must know 
machine shop practice. And they must 
have personalities which will enable 
them to gain confidence and co-opera- 
tion. This ideal man probably does not 
exist ; but the more a candidate’s quali- 
fications approximate these attributes, 
the better he will prove to be as an 
inspector. 

Some inspectors in the field force 
are away from Chicago for the entire 
year, returning only for the Christmas 
New Year holiday season. The 
blanket the country, visiting the re¢- 
wood and fir forests along the -wes 
coast, the marble quarries of Vermont, 
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the cast-iron industries around Bir- 
mingham, Ala. 

These inspectors carry out assign- 
ments made by the department's tech- 
nical staff. Included in this staff are 
chemical engineers who write specifica- 
tions and conduct and supervise the 
activities of the department. Subordi- 
nate to this office force are the labora- 
‘ory technicians, who perform thou- 
ands of tests annually in a modern, 
well-equipped laboratory. The tests 
are conducted to obtain an analysis of 
a large variety of materials sent in by 
the inspectors and received as samples 
with bids, or for control or_ research 
purposes. Technicians must be well 
grounded 1 in chemistry and physics and 
must possess aggressiveness and in- 
genuity in developing new apparatus 
and tests to evaluate desirable charac- 
teristics. 

Testing Procedures 

Some materials, especially those pur- 
chased in bulk, such as coal, chlorine, 
gasoline and lubricating oils, are han- 
dled by the laboratory alone. 

Chicago uses just short of a million 
dollars worth of coal a year for pump- 
ing water, purchasing it on the basis of 
its British thermal unit content. The 
testing activities that are set in motion 
when the coal car arrives at the pump- 
ing station may be described as an il- 
lustration of the methods used: 

Samplers visit each station daily and, 
as prescribed by the American Society 
for Testing Materials, remove about 
200 Ib. of coal from each car. This 
amount is reduced by the method of 
“coning and quartering” to about one- 
sixteenth, which is set aside in an air- 
tight storage can and added to, from 
subsequent shipments, for a week. 
This weekly accumulation is further 
reduced only 2 “|b. of -in, mesh 
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remains. 


to the laboratory. 
mesh portions are prepared for deter- 
mination of moisture, Btu., ash and 
sulfur. 
lated on a monthly basis and average 
values are substituted in a formula 
which is the basis of the contract, and 


the price per ton is calculated for the 


period. 

Ash fusion temperatures are deter- 
mined at regular intervals to forestall 
the possibility of ash fusing to the 
grates during actual operation. De- 
murrage charges and the nature of 


Chicago’s coal storage facilities make | 
it necessary to dump cars as soon as_ 


possible after receipt, and the coal 
thereupon loses its identity. As the 
coal may be burned before the con- 
tractor received the monthly report 


showing the price earned, a duplicate 
sealed sample is kept on file for six 


months, against the possibility of a 
dispute. 

Some other bulk materials, like gaso- 
line and lubricating oil, are not un- 


loaded until the laboratory approves _ 


the shipment. In this group also is 
turbine oil, which is used to lubricate 
steam turbine driven pumps, and com- 
pounded cylinder oil, for reciprocating 
pumps using wet steam. Some of the 


equipment in the Lubricating and Fuel - 


Oil Laboratory Testing Section is 
shown in Fig. 1. 

Still other materials, such as paint 
and filter sand, are inspected and ap- 
proved before shipment. (The Filter 
Sand and Concrete Materials Labora- 


tory Testing Section is shown in Fig. 


2.) The individual raw materials of 
the paint are sampled and analyzed | 


before approval is given to proceed. 


An inspector is then assigned to check _ 


the shop an witness 


Weekly analyses are accumu-— 


The sample is placed intwo | 
pint cans, identified, sealed, and brought — 
Here 16- and 
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weighing. mixing and grinding of all 
ingredients. Specific gravity deter- 
minations are made of the finished 
product and translated into pounds per 

lon. The net weight in each con- 
tainer divided by this figure gives the 
yolume of paint for which the con- 
tractor is paid. 

If the paint is being applied by an 
outside contractor, rather than by city 
employees, an additional precaution is 
necessary. Samples are taken at ir- 
regular intervals from the painter’s 
bucket, to make sure that no thinners 
have been added to facilitate applica- 
tion. 


Water pipe is another item in the 
million-dollar-per-year class. The cast- 
iron pipe inspector at the foundry wit- 
nesses the casting of test bars from 
each heat of metal. The following day 
he breaks these test bars and reports 
his findings to the home office. A sam- 
ple of drillings is also forwarded for 
chemical analysis. 

The pipe is carefully examined for 
defects, checked for unevenness and 
thickness, gaged, coated at the proper 
temperature, hydrostatically — tested, 
weighed and loaded in the cars. Each 
pipe has a serial number, the initials 
of the manufacturer together with the 
letters CWW to designate Chicago 
Water Works, and the year of manu- 
facture cast in raised letters on the 
body. As the serial numbers are con- 
secutive, they offer an excellent means 
of identification, and consequently are 
a great help to the inspector in keeping 
his records. The system also precludes 
the possibility of rejected pipe being 
loaded into the car. 

Standardization of water pipe by the 
A.W.W.A. has made possible a more 
uniform product, which in turn has 
made the job of purchasing and in- 


specting much easier. It has been 


found that similar benefits can be de- 

rived from further standardization. 
Consequently, for some years now all | 
hydrants, gate valves, bronze cocks and 
other accessories installed in the Chi- 
cago system have been of the bureau’s _ 
own standard design. This measure — 
has guaranteed interchangeability of 
parts and has eased inventory require- _ 
ments. Also, maintenance costs have _ 
been reduced, and repairs may now be 
made much more quickly and efficiently. | 

When a contract is let for these 
items, the successful bidder is supplied 
with the bureau’s patterns, templates — 
and gages before he starts production. _ 

Inspection routine on such contracts | 
is also facilitated by this standardiza- 
tion of parts. The tedious procedure © 
of checking dimensions with microm- 
eters, calipers and scales is replaced by 
the simple and time-saving act of ap- | 
plying gages. 

Up to this point, there have been | 
discussed only those items which are _ 
purchased in quantity and for which | 
specifications do not vary to any ap- > 
preciable extent from year to year. In 
the field of pumping and power plant 
equipment, however, standardization is’ 
impractical. After all, when a large — 
pump or boiler is purchased, it is ex- 
pected to last for a number of years. 
It would not be wise, therefore, to es- 
tablish a standard design for any such 
piece of equipment when new and more 
efficient designs are constantly being 
developed. 

This is not to say that it is the policy 
of the city of Chicago to experiment 
with untried equipment ; quite the con- 
trary is true. The bureau is always 
interested in new designs, however, 
and does not hesitate to adopt one, if, 
after thorough investigation and inspec- 
tion, it is found to meet the require- 
ments. Usually specifications for any 
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piece of equipment in this category are 
written only after the engineers have 
studied all proposals submitted by 
manufacturers and have made a num- 
ber of inspection trips to observe work- 
ing installations and investigate all op- 
eration records available. 

The specifications that result cover 
the materials to be used in manufac- 
ture, operating and efficiency require- 
ments, standards of workmanship and 
any shop and field tests that are at all 
feasible. For example, when a pump 
is considered, all phases of inspection, 
including the operating and efficiency 
tests, can be performed at the point of 
manufacture. On the other hand, only 
the component parts of a large boiler 
can be tested and inspected in the shop. 
Operating tests must be postponed 
until it has been assembled for use in 
the pumping station. 

These procedures assure that Chi- 
cago’s materials and equipment meet 
all requirements, and that valves, hy- 
drants, pumps and other items will 
operate satisfactorily at the time of 
installation. But the need for further 
inspection service within the Chicago 
organization is not eliminated. Con- 
stant inspection of water mains is car- 
ried on by specially trained leak de- 
tecting crews. The efficiency of every 
pump is checked annually. Centrifuges 
for separating turbine oil and water 
mixtures are checked at least once each 
year, and industrial water chemists 
perform check analyses of boiler water 
samples every week. 
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It is difficult to estimate the valye 
of this inspection to the city of Ch. 
cago. The average rejection of cag. 
ings in the foundry is slightly over 2 
per cent. Some of the accepted cag. 
ings—an additional 1 per cent—ar 
later rejected because underlying de. 
fects are exposed after the outer surface 
is removed in the machining operation, 
The number of machined parts that 
have to be discarded is nominal. Usy. 
ally gages are applied before parts are 
removed from the lathe, and the ma- 
chining operation is continued until the 
proper fit is attained. 
Rejection of treated and untreated 
lumber and timber averages 14 per cent, 
From these few examples, it may be 
seen that the saving resulting from re- 
jections is easily ascertained, but it is 
not known how much the intangible 
savings amount to in dollars and cents, 
Of course, the bureau could find out 
how much inspection has _ reduced 
maintenance costs. It could find out 
how much it has contributed to redue- 
ing fire losses. It could find out, too, 
how much is saved by decreasing the 
number of damage suits due to the 
bursting of water mains. All of these 
factors and a good many more could 
be evaluated quickly enough if the in- 
formation were wanted, but what engi- 
neer in his right mind would care to 
operate a system of the size of Chi- 
cago’s without inspection for even that 


short period of time? 
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Chicago, Ill., by G. N. Andrews, 


METHOD of cleaning porous 
A concrete water wells with sodium 
hexametaphosphate has been applied 
toa group of refinery water wells with 
considerable success. Over-all results 
obtained during the past four years 
constitute such a favorable record that 
it is thought the method may be ap- 
plicable generally to porous concrete 
casings. 
The porous concrete type of water 
well has been used at the Wood River 
Refinery of the Shell Oil Co. for more 
than 25 years, the first such well be- 
ing installed in 1921. In competition 
with metal screen types, the concrete 
well has demonstrated certain advan- 
tages of construction and operation for 
the subsoil conditions prevailing in the 
Alton—East St. Louis area. Accord- 
ingly, this design has become general 
for ground water supply in the re- 
finery and the adjoining communities 
of Roxana, Hartford, Wood River and 
Edwardsville, Ill. 
The Shell Refinery at Wood River 
in Madison County, Ill., was con- 
structed in 1917. Located about two 
miles east of the Mississippi River be- 
low Alton, it is less than three miles 
above the confluence of the Missouri 
and Mississippi Rivers and some twenty 
miles north of St. Louis. This re- 
finery is now one of the two largest in 
the Midwest, and the largest in the 


Chemical Cleaning of Porous en Wells 


By G. N. Andrews 


Mgr., 


A paper presented on Apr. 18, 1947, at the Illinois Section Meeting, 


Refinery, Shell Oil Co., Inc., Wood River, Ill. 


Utilities Dept., Wood River 


state, processing more than 90,000 bbl. 

of crude oil daily. Throughout its en- 
tire existence, the refinery has utilized — 
a ground water supply for all opera- 


tions. 
Geologic Characteristics > 


= 


A recent survey by the Illinois State 
Geological Survey ‘describes the re- 
finery as located at the eastern edge 
of the Mississippi River bottom. Some 
of the undeveloped property includes a 
small area of upland to the east which © 
is part of a continuous line of bluffs 
paralleling the easterly bank of the 
river for many miles to north and — 


south. The valley at Wood River is _ 


level at 430 ft. elevation, and the up-— 

lands range to 550 ft. above sea level. 
The following description is quoted 

from the Geological Survey report: 


Underlying the ground surface in the 
valley are alluvial and glacial deposits of 
sand and clay to a depth of approximately 
120 ft. The upland portion of the prop- 
erty is covered by glacial till of Wiscon- 
sin and Illinoian age which extends to a_ 
depth of approximately 150 ft. The bed- 
rock underlying the whole area is com- 


posed of Pennsylvanian sandstones and _ 


shales of the Tradewater and Carbondale 
groups. 


The refinery wells reach bedrock near 
120 ft. depth. Drillers’ logs indicate 


6 to 15 ft. of soil and clay underlaid 
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by 100 ft. or more of fine to coarse 
sand and gravel, with occasional clay 
lenses less than 2 ft. thick. 

The State Geological Survey made 
an electrical earth resistivity survey in 
1946 to explore the permeability of the 
area for well drilling and drainage 
purposes. Such a survey is based upon 
the principle that clay, silt and shale 
present less resistance to the passage 
of an electric current than do sand, 
gravel, sandstone or limestone. Past 
experience of the State Geological Sur- 
vey indicates that the coarser and 
cleaner sands and gravels of alluvial 
deposits are of higher resistivity than 
fine sands or well-graded materials. 
The high resistivity indicated for the 
entire river valley is considered favor- 
able for these purposes. 

This investigation was correlated 
with a State Water Survey study of 
ground water conditions and an incon- 
clusive attempt was made to define ac- 
curately the best well spacings. Pres- 
ent wells are spaced 350 to 500 ft. 
apart, but it is seldom that all wells 
are operated simultaneously. Calcula- 
tions showed that, for relatively short 
pumping periods, interference can be 
lessened greatly by increasing the dis- 
tance between wells to 800 or 1,000 ft., 
but, over longer periods of time, espe- 
cially for continuous operations over 
many years, the relative interference 
is much less significant and present 
spacings are generally satisfactory. 
Both of these surveys, combined with 
extensive test drillings, indicate a very 
satisfactory ground water supply capa- 
ble of substantially greater output than 
is obtained at present. 


Refinery Wells 


Basic well water requirements of the 
refinery vary seasonally from 6 to 7.5 
mgd. Approximately 2 to 2.5 mil.gal. 
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is used daily for steam and electric 
power generation, 3 to 4 mil.gal. fo, 
make-up to cooling towers and 1 mij 
gal. for miscellaneous purposes, Jp 
addition, 0.5 mil.gal. of water for drink. 
ing and other sanitary and domestic 
purposes is obtained from three cop. 
crete wells in the village of Roxana 
The refinery main properties are |p. 
cated within the limits of this commy. 
nity. The installed circulating capacity 
of the cooling towers is rated at ap. 
proximately 165 mgd., and _ present 
circulation rates are on the order of 
105 mil.gal. Plant water requirements 
in general are now one-third less than 
peak demands during the last two 
years of the war, although the re. 
finery is processing substantially more 
crude oil now than in 1944 and 1945, 

The refinery -water supply is ob- 
tained from a group of 24 wells aver- 
aging 125 ft. deep. The water table 
in general is 60 to 65 ft. below grade, 
The eight oldest wells, installed be- 
fore 1940, have been operated recently 
at very limited outputs, averaging 150 
to 160 gpm. each. The oldest is a 
concrete well which was installed in 
1926. The other seven are metal 
screen type wells. Sixteen newer wells 
are rated at 500-gpm. design capacity, 
and operated normally at conservative 
pumping rates between 400 and 450 
gpm. All but one of these newer wells 
are of porous concrete design; the ex- 
ception is a metal screen gravel-packed 
well. 

Altogether 51 wel1ls—numbered 
chronologically from 1 to 51—have 
been installed by the refinery during 
the past 30 years. The last of these 
was installed in May 1945. The first 
29 wells were installed in the central 
refining area; all but four of these have 
been abandoned. The last 22 were 


installed on property adjoining the cen- 
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yal area to the north, and 20 of these 
are still in operation. 


ie described are the type installed by 
he Thorpe Concrete Well Co. of Al- 
on, Il. This company manufactures 
ith solid and porous concrete casings 
iad drills and installs its own wells. 
The business was established at the 
end of World War I, and during the 
st 25 years the company has in- 
galled more than 500 wells, normally 
drilling 15 to 20 wells per year. Great 
are is used in the design and manu- 
iacture of the porous concrete casings, 
which are a mixture of cement and 
Meramec River bed gravel. Porosity 
achieved is on the order of 30 per cent. 
The solid casings used above the water 
table are a sand-gravel-cement mixture 
which is waterproof and prevents sur- 
face contamination. This feature is 
important because state laws in IIli- 
nois, Ohio and other states require 
impervious casings 12 to 25 ft. below 
grade. 

Well drilling operations are per- 
formed inside temporary steel casings 
down to the water level, and a bailing 
tool is used below that point. A steel 
cutting edge, attached to the first sec- 
tion of porous casing, eventually lands 
on rock bottom. After bailing com- 
pletely to the bottom and removing all 
and and boulders, a cement plug is 
placed in the bottom of the well and it 
is then ready for installation of the 


have } pump. The entire process of manufac- 
iring { ture and installation is one of care and 
these | skill, based on long experience with 
first } the special problems involved in the 
ntral | concrete design. 


have 


The typical refinery well contains 


were | fifteen 4-ft. sections of porous con- 


cen- } crete. These have tongue and groove 


porous Concrete Design iy 


The porous concrete wells that will 


ends sealed with neat cement. The 
casings are 30 in. id. and 40 in. od., 


submersible pumps. The casing is 


guaranteed to pass 10 gpm. per sq.ft. 
of outer surface for initial drawdown 
below static level. The refinery wells 
are tested initially at 600 gpm. and 
show 4-5 ft. drawdown. They usually 
more than meet the 10-ft. guarantee 
figure at the end of one year. The 
conservatism of these figures may be 


realized by comparison with a reported __ 


test on Well 13 on Oct. 26, 1926. 
This well had the old type 26 in. X 36 
in. casing and the astonishing amount 
of 3,185 gpm. was delivered with 13 
ft. 11 in. of drawdown. Numerous 
other tests have been recorded by the 
Thorpe Co. with indicated flow rates 
in excess of 20 gpm. per sq.ft. of outer 
surface. An attempt was once made 
to fill a single 4-ft. section, 40 in. od., 
with water that was being pumped at 
the measured rate of 820 gpm. This 
flow lacked 6 in. of filling the section. 

For local conditions below the water 
table—that is, varying degrees of fine 
and coarse sand with sufficient gravel 
to promote good underground flow— 
the porous concrete well has the ad- 
vantage of providing, at moderate cost, 
60 ft. of large diameter screen which 
gives uniformly good results in wide- 
spread locations. Especially desirable 
is the complete absence of sand pump- 
ing difficulties. Metal screens are far 
more susceptible to sand pumping and 
mechanical clogging. This may be 
overcome to some extent by providing 
special screens with various sizes of 
openings designed to match closely the 
sand samples obtained by test drillings. 
When this is done, however, the pos- 
sibility of recovering the metal screen 
when a well is abandoned and of re- 
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using it successfully in a new location 
cannot be realized unless expensive 
gravel packing methods are used. On 
the other hand, acid treatment may be 
given to metal screen wells, but is not 
practicable for concrete casings. | 
Chemical Cleaning Program 

The general and fairly rapid decline 
in output of all refinery wells became a 
serious problem under wartime condi- 
tions, when refining facilities were ex- 
tended to meet the needs of the high 
octane aviation gasoline program. 
Since acid treatment appeared to be 
dangerously undesirable for the con- 
crete wells, some other chemical means 
of cleaning them was sought. The use 
of sodium hexametaphosphate * was 
suggested by the refinery’s water treat- 
ing consultants, Hall Laboratories, 
early in 1943. 

The treatment applied requires the 
development of a high metaphosphate 
concentration, preferably on the order 
of 2,000 ppm. Apparently, the clean- 
ing effect is due largely to the specific 
action of the metaphosphate in dispers- 

_ing iron and sequestering calcium car- 
bonate. When suitable slimicides are 
added to the treating solution, both 
inorganic incrustations and gelatinous 
masses of slime appear to be removed 
effectively. The chemicals are added 
daily, or at other convenient intervals, 
and are allowed to concentrate over a 
period of one week to ten days. Mean- 
while the well is surged several times 
daily to promote effective action inside 
the porous casing. Final flushing of 
the well clears it before the discharge 
line is reconnected for normal service. 

An average drawdown improvement 
of nearly 3 ft. for each annual treat- 


* The particular compound used is mar- 
keted under the trade name “Calgon.” 
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ment is typical of the refinery’s north 
property group of 15 concrete wells 
More specifically, the average dray. 
down improvement for 23 recent clean. 
ings was 2.8 ft. One test in this group 
showed no improvement; the maxi- 
mum was 6 ft. All of these 15 wells 
remain readily capable of producing 
more than 400 to 500 gpm. each at the 
present time. Their average specific 
capacity is 40, ranging from 25 to 70 
for individual wells. The oldest. of 
these concrete wells, nearly eight years 
old, has the same specific capacity as 
the average—40 gpm. per ft. of draw- 
down. This well, No. 34, had a 32-f 
drawdown for 485 gpm. output in Oc. 
tober 1942. Today, with an output of 
400 gpm., the drawdown is only 10 ft 
The last treatment of this well was 
performed in July 1946. Tested then 
at 450 gpm., before and after treat- 
ment, the drawdown was reduced from 
13 to 11 ft. These figures illustrate 
the remarkable success of this method 
of treatment. 

Less permanent success has_ been 
realized with metaphosphate treatment 
of the metal screen wells, although the 
treating process is still undergoing de- 
velopment and recent results have been 
encouraging. As mentioned previ- 
ously, it is probable that sand clogging 
is a greater factor in the decline of the 
metal screen type of well. The appli- 
cation of sodium hexametaphosphate, 
however, has realized some surprising 
temporary results for the group of 
metal screen wells installed in 1939, 
No. 30 to 33, inclusive. Production 
tests at 150 gpm., both before and 
after treatment in July and August 
1946, were: 

Well 31: Drawdown reduced from 
37 to 11 ft. 

Well 32: 


34 to 14 ft. 


Drawdown reduced from 
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Well 33: Drawdown reduced from 
31 to 16 ft. 

Afterwards further tests were per- 
formed on Well 32 at varying rates of 
output, and the data given in Table 1 
were obtained. In October 1942 a test 
on the same well showed an output of 
365 gpm. at 50 ft. of drawdown, or 
4 specific capacity of 7.3. Thus the 
metaphosphate treatment initiated in 
1943 has prevented further decline in 
specific productive capacity. 

The most recent treatment of this 
well—No. 32—was given from Mar. 
28 to Apr. 3, 1947. Static levels be- 
fore and after treatment were 62 ft. 
below grade. Tested at 200 gpm., the 
respective operating levels were 93 and 

TABLE 1 
o Capacity Tests on Well 32 


Output Drawdown Specific Capacity 
gpm. ft. 
150 13 
200 21 
250 31 
300 41 

77 ft. This is an improvement in 


drawdown from 31 to 15 ft. Corre- 
sponding specific capacities were 6.5 
before and 13.3 after treatment. The 
chemicals used were 275 Ib. of sodium 
hexametaphosphate, 30 lb. of sodium 
carbonate and 35 lb. of sodium penta- 
chlorphenate (for which sodium hypo- 
chlorite could have been substituted). 
As the drawdown is now 6 ft. less at 
200 gpm. than it was after the 1946 
treatment, operation has been continued 
at that output, which is one-third 
greater than the practical operating 
limit observed during recent years. 
It is usually true that overproduc- 
tion of any well shortens its life to an 
uneconomical degree, and the concrete 
well is no exception to this rule. For 


_ should be checked at regular intervals) — 


approximate rate of decline for 


= 


that reason, no attempt is made to — 
operate the wells continuously at 600 
gpm. Pumps are designed for maxi- 
mum efficiency near 500 gpm., and nor- 
mal output is limited to 90 per cent 
of this figure. Experience has shown _ 
that this limitation results in greatly — 
increased life. | 
After a well has operated two or | 
three years at the rate of 450 gpm., 
receiving cleaning treatments annually, 
it will have a specific capacity near 50 
gpm. per foot of drawdown (compared — 
with 100 to 150 initially). This spe- 
cific capacity generally will be linear | 
up to 500 gpm. Thereafter, the most 
economical operation will be achieved | 
by operating at about 80 to 90 per _ 
cent of the approximate break-point = _ 
on the specific capacity curve (which 


and by applyitig chemical treatment » 
once or twice each year, as needed. © 
_ When treatment was initiated in 1943, 
all wells then in operation was roughly 
2 per cent per month, or more than 20) | ’ 
per cent per year, indicative of an 
average useful life of only five years. 
During the past two years there has 
been no appreciable decline for the en- 
tire group of 24 wells. 


Conclusion 


It may be concluded from this ex-— 
perience that : 

1. A simple and practical method of | 
chemically cleaning porous concrete 
wells is now available for general ap- 
plication. 

2. The chemicals involved are read- — 
ily obtainable, safe to handle and low | 
in cost. 7 

3. Regular application of the method Vs; a 


will maintain productivity of this type 


of well and substantially prolong its | 
life. 
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ROMULGATION of the new U.S. 

Public Health Service Drinking 
Water Standards (1) and the volun- 
tary acceptance of these standards by 
the Association (2) as standards for all 
public water supplies mark a new mile- 
stone in progress toward the goal of 
safe water for all consumers. In order 
to assess the significance of these 
events justly, it is advantageous to 
compare the new standards briefly with 
those previously established by the 
US: P.ES. 


U.S. Drinking Water Standards 

The first so-called “Treasury Stand- 
ard” was issued in 1914 (3) ; a revision 
appeared in 1925 (4) ; another revision 
was adopted in 1942 (5) ; and the 1946 
revision, which, from the viewpoint of 
laboratory procedure, is identical with 
that of 1942, is therefore the fourth 
of the U.S.P.H.S. Drinking Water 
Standards. In the application of all of 
these standards, the authority of the 
U.S.P.H.S. was extended to include 
only drinking water supplied to the 
public by common carriers engaged in 
interstate commerce. The _ principal 
features in which the various standards 
(of bacteriological quality) differed, 
one from another, may be listed as in 
Table 1. Since the standards specified 
_ the use of the bacteriological procedures 
of (6) current 
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_ Laboratory Procedures and Water Standards 


By Mac Harvey McCrady and Jacques Archambault 


A paper presented on Apr. 14, 1947, at the Canadian Section Meeting, 
Montreal, Que., by Mac Harvey McCrady, Chief, and Jacques Archam- 
: bault, Assistant Chief, Div. of Laboratories, Ministry of Health, Mon- 


at the time, some of the differences 
shown in this tabulation were the re. 
sult of changes in Standard Methods: 
nevertheless, the water standards were 
affected accordingly, as indicated. 

It will be observed that the 1925 
Standards were much more severe than 
those of 1914. Instead of approxi- 
mately 2 coliform organisms per 10 
ml. of sample, only about 1 was per. 
mitted; and, because of differences in 
the specified laboratory procedures, 
many organisms not considered by the 
1914 standards were included in the 
coliform group in 1925. On the other 
hand, allowance for sampling errors 
was granted by the revised standards, 
and the requirement on the bacterial 
count, which gave rise to considerable 
controversy, was waived. 

Comparing, next, the recent 194 
Standards with those of 1925, the most 
important change in the bacteriological 
requirements is the new specification of 
the number of samples required to be 
examined. Since the validity of a judg- 
ment of water quality is largely depend- 
ent upon the frequency with which sam- 
ples are collected and examined, it may 
appear strange that no specific require 
ment for the frequency of sampling was 
included in the earlier Standards. One 
probable reason for this omission was 
that the “completed test”—until re 


cently the only de- 
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gendable test oe the presence of coli- of laboratories in a study of brilliant 
‘orm organisms in a water sample— _ green bile as a culture medium for a 
was a long and arduous procedure. simple presumptive test for the pres- 
from a practical laboratory viewpoint, ence of coliform organisms. The first 
its use was restricted to the examination report on the results of this work was 
of a limited number of samples. Ade- published in 1925 (7). The procedure 
quate frequency of examination was _ investigated was found to lack some 
therefore usually impracticable, and of the requirements of a dependable 
there appeared to be little chance of coliform test, but the results obtained 
remedying this situation as long were so encouraging that further study 
as bacteriologists remained dependent was indicated. Modifications of the 
upon the ral test” for reliable original B.G.B. and other media were 
results. examined by Committee 1 and, later, by 


TABLE 1 


‘Distinguishing Features of Various U.S.P.H.S. Standards ap 
1914 1925 1946 


Standards Standards Standards 

|, Limiting density of bacteria per ml. growing on 

2. Limiting coliform density per 100 ml., approx. .... 
3, Allowance for error of sampling, by permitting a 
certain proportion of samples to exceed the lim- 
4, Immediate follow up of such excessive coliform 
5. Number of samples specified .................... 


Differences in coliform procedure: 


§, Enrichment tubes with 5% or less of gas included. 
7. Non-acid-forming coliform organisms included . 
8. Secondary lactose tubes with less than 10% gas 


9. Method of confirming evidence of presence of coli- Completed Completed Confirmed 


Optimal 


Standard Methods of Analysis committees on Standard Methods of the 


Through the years, however, com- American Public Health Association. 
mittees on Standard Methods of the No reliable presumptive test was 


A.W.W.A. and of the American Public discovered, but, following a suggestion 
Health Association, with the generous >y Harry E. Jordan in the 1925 report 
co-operation of members of both or- Of Committee 1, B.G.B. was eventually 
ganizations, have been working toward shown to yield generally satisfactory 
a simplification of the coliform proce- results when employed to confirm the 
dures. The concerted effort to this end presence of coliform organisms as indi- 
nay be considered to have had its ori- cated by the production of gas in the 
gin in 1923, when the A.W.W.A. Com- lactose broth enrichment tube. This 
mittee No. 1 on Standard Methods se- so-called “confirmed test” consists 
cured the collaboration of a large group merely in the transfer of a trace of 
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the lactose broth gas-positive culture to 
a B.G.B. fermentation tube which is in- 
cubated for 48 hr. at 37°C. Gas for- 
mation is considered a positive result, 
indicating the presence of coliform or- 
ganisms. This test, which Standard 
Methods (9th ed.) recommends for all 
waters, is so simple and requires so 
little time and material that adequate 
frequency of sampling and examination 
at last, reasonably practicable. 
Even if the “completed test’ is pre- 
ferred to the “confirmed test’ de- 
scribed, the latter serves admirably to 
screen out false primary lactose broth 
positives, leaving often relatively few 
complete confirmations to be performed. 

Very probably this development in 
laboratory procedure was, in large part, 
responsible for the appearance, in the 
1946 Drinking Water Standards, of 
specific requirements for the number of 
samples to be examined. The number 
specified varies; 1 per month is re- 
quired of a supply serving 2,500 or 
fewer consumers, 25 per month for one 
serving 25,000, 300 per month for one 
serving a population of 1,000,000, and 
so on. The chief problem, principally, 
of those attempting to conform to these 
requirements is no longer the practi- 
cability of laboratory examination of 
the number of samples specified, but 
rather the practicability of collecting the 
samples and of getting them to the bac- 
teriologist, especially when no local labo- 
ratory is available. The U.S.P.H.S., 
on the other hand, need not necessarily 
be greatly concerned by this problem 
because, if a common carrier cannot 
find a supply that conforms to the re- 
quirements of the Standards in one 
locality, it can usually take its water 
in another locality from a supply which 
fully satisfies them; and, as so many 
municipalities in the United States are 
provided with their own laboratories, 


is, 
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perhaps no great difficulty is encoyp. 
tered in finding acceptable supplies, 


Canadian Standards 


Regarding Canadian standards, jt 
may be recalled that by Order in Coup. 
cil, P.C. 1091, dated June 19, 1923 4 
standard of 2 coliform organisms per 
100 ml., as determined by Standarg 
Methods, was approved for drinking 
and culinary purposes on vessels nayj. 
gating on the Great Lakes and inlang 
waters of Canada; by Order in Counej} 
P.C. 417, dated Feb. 25, 1930, a similay 
standard was approved for common 
carriers engaged in international and 
interprovincial traffic; and by Order 
in Council, P.C. 475, dated Mar, 9 
1937, a standard of not more than ? 
coliform organisms per 100 ml., a 
determined by the presumptive test. of 
Standard Methods, was approved for 
Canadian vessels engaged in trade or 
the coast of Canada. The certifying 
authority is the Dept. of National 
Health and Welfare. 

It should be added, in passing, that 
the laboratory procedures specified in 
Standard Methods have long been ac. 
cepted for use in Canada by the Cana 
dian Public Health Association; and 
that Association’s Committee on Stan¢- 
ard Methods for the Bacteriological 
Examination of Water and Sewage re 
cently recommended the approval o 
the recently published Ninth Edition of 
Standard Methods. The Dominion 
Council of Health, at its 48th meet 
ing, endorsed anticipated approval by 
the Canadian Public Health Asso: 
ation of these Standard Methods an 
recommended adoption of the 14 
U.S.P.H.S. Drinking Water Standards 
The Provincial Laboratory Directors 
Conference is at present considering 
recommendation of Canadian drinking 
water standards, for supplies used ot 
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common carriers, which were submitted 
at its meeting in Ottawa last year. 
These proposals may be regarded as 
practically equivalent to the United 
States standards. It must be remem- 
ered that adequate frequency of sam- 
pling of supplies used on common car- 
riers is a somewhat more difficult prob- 
em, generally speaking, in Canada than 
in the United States, because of the 
relative scarcity of local laboratories in 
the dominion and the occasional great 
stances between available supplies and 
the provincial laboratories. 

Improvement of Supplies a 


The voluntary acceptance by the of- 


fcers and directors of the American 


Water Works Association of the 
1946 U.S.P.H.S. Standards as stand- 
ards for all public water supplies con- 
stitutes, in effect, an official expression 
f the evident ambition of all water 
works operators and public health of- 
ficials to make their water supplies con- 
form to the current Standards. 
though a period of suspicion and anxi- 
ety, on the part of many water works 
and health officials alike, followed the 


jpromulgation of the first “Treasury 
}Standards,” the fairness of the regula- 


tions and the moderation with which 
they were administered finally won 
general recognition; and in more re- 
cent years the common goal of water 
works operators has been conformity 
with the Standards, just as the aim 
of health departments has been the en- 
rollment of the greatest possible num- 


per of public supplies in the envied 


group of the conformers, regardless of 
whether or not the waters were to be 
used On Common carriers. 

In their enthusiastic effort to make 
all public supplies meet the require- 
ments of the Standards, those in the 
water laboratories have at times been 
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sorely tempted to “cut corners” in their 
application of Standard Methods to the 
examination of these supplies. There 
may have been some excuse for cutting 
corners when only the time-consuming 
“completed test’’ was available for esti- 
mating coliform densities; many labo- 
ratories found it impossible to employ 
this procedure in their routine work. 
With the advent of the “confirmed 
test,” using liquid media as an accepted 
and dependable test, however, there 
should very rarely be any excuse for 
employing procedures other than those 
specified in Standard Methods. Par- 
ticularly in the examination of chlo- 
rinated waters is it advisable to adhere 
strictly to the recommended procedure. 
Recent investigations by Butterfield and 
his associates (8,9) have indicated that 
there is little or no margin of safety 
as measured by the relative tolerance 
to chlorine or chloramines of enteric 
pathogens and coliform organisms in 
water with the hydrogen-ion concentra- 
tions ordinarily encountered in our pub- 
lic supplies. Consequently, no exces- 
sive coliform density in samples of 
chlorinated water should be permitted 
to pass undetected. Strict adherence to 
Standard Methods provides reason- 
able assurance that none will pass 
undetected. 

Despite their best efforts, not a few 
public water works operators will prob- 
ably find it impossible to make their 
supplies conform entirely to the re- 
quirements of the new Standards. The 
recent acceptance of these Standards by 
the Association, although it has no au- 
thority to enforce them, however, 
should materially assist such operators 
in their efforts to secure facilities and 
competent personnel that will enable 
them to meet the new regulations. 
Much improvement in the quality of 
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public supplies may be expected from 6. Standard Methods for the Exami 


the crystallization of opinion on general of Water and Sewage. Am. P 
standards of quality, which will un- Asn. & Am, Water 
standards 1 J» ' ge Assn., New York (various editions 
doubtedly be effected by this official latest being the 9th, 1946). ’ 
pronouncement. 7. DunHAM, H. G., McCrapy, M. 

Jorpan, H. E. Studies on Differens 


References Media for Detection of Bact, colj ; 
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A paper presented on June 12, 
Section Meeting, Pittsburgh, 


HEN man discovered that water 
sometimes could be found under 
dry lands by digging a hole in the 
ground, he stumbled on a discovery 
that ranks in importance with the dis- 
covery of fire. It is evident that with- 
out wells man’s activities would be 
confined within a narrow radius of 
rivers and springs; he could not have 
ventured into the arid and semi-arid 
regions which cover a large part of the 
earth. Despite the early discovery of 
“underground” waters, there is a sur- 
prising dearth of information concern- 
ing the origin of this valuable re- 
source, and it was not until modern 
times that the science of ground water 
hydrology was developed and came 


into being. 


Occurrence of Ground Water 


It is important to remember that 
ground water, as much as surface wa- 
ter, is a part of the natural drainage 
system and that it moves by gravity 
toward lower levels; but instead of 
fowing freely it must move through 
the rock interstices, fractures or solu- 
tion channels. The rate of flow is 
determined by the porosity, permeabil- 
ity and structure of the containing 
aquifer, by the amount of water added 


to it from precipitation and from 
streams, and by the opportunity for 
discharge, 


Ground Water Collection and 


Development Methods 
By John H. Adamson Jr. 


1947, 
Pa., 
Geological Survey, Pittsburgh, Pa. 
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at the Western Pennsylvania 
by John H. Adamson Jr., U.S. 


The natural force responsible for the 
occurrence of ground water is the hy- 
drologic cycle, through which water 
moves constantly from sea to sky to 
ground. Evaporation and precipitation, 
the first two stages of the cycle, act to 
initiate the third stage, in which the 
precipitated water drains downgrade 
by devious routes. The part of interest 
to this discussion percolates down 
through the zone of aeration in the 
soil and permeable rocks until it 
reaches the water table, the upper sur- 
face of the zone of saturation, in which 
the interstices of the rocks are filled 
with water. This ground water then 
moves slowly toward some body of 
surface water, into | which it ultimately 


discharges. Tay 


The water table is almost every- 
where a gently undulating surface 
which does not remain at fixed level, 
but fluctuates slowly up and down as a 
result of additions to and withdrawals 
from the body of ground water. In 
areas where there is little annual vari- 
ation in precipitation, such as west- 
ern Pennsylvania, ground water levels 
are influenced chiefly by seasonal de- 
viations in the rates of evaporation and 
transpiration. Consequently, the wa- 
ter table is generally lowest in the late 
summer and highest in early spring. 
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This is shown by measurements of 
static levels in observation wells which 
have been established at selected loca- 
tions throughout that part of the state. 

Ground waters, because of their gen- 
erally slow movement and long contact 
with the rocks through which they 
flow, usually contain a higher propor- 
tion of dissolved solids and mineral 
salts than do surface and atmospheric 
waters. In a well-sorted gravel of 
coarse sand, ground water may move 
as much as several hundred feet a day 
downslope, whereas in a poorly sorted 
silt or fine sand and gravel with low 
permeability and low gradient, the rate 
of movement can be measured only in 
fractions of an inch in a 24-hour pe- 
riod. When the rate of stream flow at 
even the very lowest gradients is con- 
sidered, it becomes readily apparent 
that there is a vast difference in the 


rates of movement of ground and sur- 


face waters. 


Properties of Rocks a) 


According to their origin, rocks are 
divided into three great classes: (1) 
igneous rocks, such as granite and lava 
rock, which are produced by the cool- 
ing and solidification of molten mag- 
mas within or on the surface of the 
earth; (2) sedimentary rocks, such as 
sandstone, shale and limestone, which 
are produced by the deposition of ma- 
terials weathered from older rocks, 
derived from remains of animals or 
plants, or precipitated out of solution 
in water; and (3) metamorphic rocks, 
such as gneiss, slate and schist, which 
are produced by physical and chemical 
alteration of existing rocks, usually by 
extreme heat and pressure accompany- 
ing earth movements or the intrusion 
of igneous rocks. 

It is important that these distinc- 
tions be noted, because they have a 
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The types are numerous, and onl 


pronounced effect on the occurrence of 
ground water. Marked differences jp 
grain size and permeability, and heng 
in water-bearing character, are pro. 
duced by the three radically differen, 
modes of rock origin. 

Igneous rocks, in most places, are 
poor water-bearers and yield only small 
supplies. At considerable depths they 
are almost devoid of water or other 
fluids. The single exception is basalt 
a dark-colored lava rock, which forms 
great extrusive sheets in the north. 
western United States and Hawaii 
Covering extensive areas, it is one oj 
the important water-bearing rocks ip 
this country. The water occurs ip 
large joint openings and other cavities 
and is readily absorbed from surface 
water and precipitation. Yields of 
several hundred gallons a minute are 
not uncommon and, in Hawaii, vields 
of 2,000 gpm. have been reported (1) 
Where other igneous rocks are near 
the surface and have undergone weath- 
ering, they generally yield reliable, if 
small, local supplies. In such situa. 
tions, they may be the only source of 
ground water and, as such, may be 
regarded as valuable aquifers. In some 
places, a thick zone of disintegrated 
granite lies above the fresh rock and 
furnishes supplies for public water 
works and for irrigation, as in some 
areas in San Diego County, Calif. 

Metamorphic rocks, such as quartz- 
ite, slate, marble, schist and gneiss, are 
similar to igneous rocks in their water- 
bearing characteristics, and are poor 
aquifers for the most part. Where 
water occurs in these rocks, it is most 
likely to be found in joints and fissures, 
or in solution channels and_ porous 
zones developed by decay and leaching 

The permeable sedimentary rock 
are our best sources of ground water 
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those which are the most important 
water-bearers need be mentioned. It 
may be well to note that grain size, 
degree of assortment and degree of 
consolidation or cementation of the 
grains are the chief factors influencing 
the permeability of the rock. 

Gravel is the best kind of formation 
to yield water, and supplies most of 
the heavy-producing wells in the 
United States. As a matter of fact, 
gravel furnishes more water to wells 
than all other materials together. 
Coarse, clean gravel has high porosity, 
high permeability and high specific 
yield. The specific yield of a material 
is a measure of its storage capacity ; 
itis the ratio of (a) the volume of wa- 
ter which, after being saturated, it will 
yield by gravity, to (b) its own volume 
(2). Gravel absorbs water readily, 
stores it in large quantities and yields 
it freely to wells. Gravel deposits were 
formed extensively by waters issuing 
from the great ice sheets that once cov- 
ered the northern part of the United 
States. If clayey and poorly assorted, 
however, gravels, like fine-grained 
rocks, are poor reservoirs for water. 

Next in importance as aquifers are 
coarse sand and sandstone. Sand- 
stones comprise some of the great 
aquifers of the United States, such as 
the St. Peter and Dakota sandstones 
underlying great portions of the Mis- 
sissilppi and Missouri Basins. Sand- 
stones are generally more widespread 
and continuous than gravels or con- 
glomerates, and, for a similar degree 
of assortment and cementation, are 
comparable to gravels in degree of 
porosity. The interstices, however, 
are usually smaller and yield water less 
readily. Another disadvantage of sand 
and sandstone formations is that many 
of the finer grains are carried into the 
wells by the action of pumping and lead 
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to serious problems by plugging the 
screens or by causing undue wear of — 
moving pump parts. Also, drilling op- — 
erations are impeded when sand— 
“sloughs” into the hole. 7 
Limestones and related rocks, as a> 
class, range from among the poorest — 
to the best producers of ground water. 
Percolating water carrying carbon di-— 
oxide readily dissolves pure limestone — 
along fractures and bedding planes, 
forming solution channels and large ~ 
pores. Such limestones are generally 
referred to as cavernous limestones. _ 
If these cavernous limestones lie below 
the water table, as in many places in © 4 
the north-central United States, the = 
Valley of Virginia, the Tennessee Val- 
ley and Georgia and Florida, they are _ 
among the best aquifers. One of the 
largest springs in the country, at Silver 
Spring, Fla., yields as much as 368,- 
000 gpm. and forms a stream roughly — 
50 ft. wide and 10 ft. deep. There are © 
several other such springs in the coun- 
try not quite so large, notably in nearby _ 
parts of northern Florida and in the — 
Ozarks of Arkansas and Missouri. It 
must be remembered, however, that 
percolating waters can result in ce- | 
mentation of calcareous rocks as well — 
as in their leaching and solution. 


The properties of ground water res- 
ervoirs naturally affect the physical 
and chemical properties of the ground — 
water itself, and its applications to 
everyday use. Ground water is gen- 
erally free of suspended matter, and = 
appears clear and sparkling without — 
filtration. Its temperature remains 
relatively constant throughout the year, © 
seldom varying more than two or three 
degrees unless influenced by direct sur- 
face recharge or other local factors. 
Water lying at depths from about 30 
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to 100 ft. below the surface usually has 
about the same temperature as the an- 
nual mean for the air of the locality. 
For example, in Pittsburgh the mean 
annual temperature of the air is about 
52°F., and the shallow ground waters 
in this area are of about the same tem- 
perature the year round. At depths 
greater than 100 ft., however, the tem- 
perature of the waters may be expected 
to rise 1°F. with every 50 to 100 ft. 
of increasing depth, owing to similar 
increases in the temperature of the 
earth’s crust. In contrast, surface wa- 
ters of the Pittsburgh region range 


» 


Springs 

There are many methods of collect- 
ing and developing ground water, and 
the methods used are determined by 
the geology, topography and the eco- 
nomic factors involved. The simplest 
of these methods is the use of springs. 
Springs may be divided into different 
categories, on the basis of: (1) char- 
acter of rock openings through which 
the water issues; (2) rock structure 
and resulting force that brings water 
to the surface; (3) geologic horizon 
of the aquifer; (4) quantity of water 
discharged; (5) uniformity in rate and 
permanence of discharge; (6) quality 
of the water; or (7) temperature of 
the water. Although some springs 
discharge extremely large quantities of 
water, few are used as sources of large 
municipal or industrial supplies. There 
are many smaller communities, how- 
ever, which utilize springs as a source 
of supply. One such example is the 
Borough of Bellefonte in Centre 
County, Pa., which is supplied by a 
spring with an estimated yield of 11.5 
mgd. (5). 


in temperature from 32° to 90°F. dur. 
ing the year. Many well owners haye 
stated that their wells are colder jy 
summer than in winter, and that the 
deepest wells are the coldest. Neither 
of these generalities is correct. 

The most important advantages oj 
the use of ground water are its constant 
temperature—which is much lower 
than that of surface water in summer 
—and the general dependability of Sup- 
ply during drought. Ground water js 
less likely than surface water to show 
the effects of a drought that persists 


for several years. 4 


Methods of Collection and Development ine 


Infiltration Galleries 

Several municipalities have resorted 
to infiltration galleries or “cribs” as a 
source of supply. This type of intake 
is usually constructed by sinking a pit 
into the alluvium of a stream bed, 
facing it with a cribbing of planks laid 
flat and spaced a couple of inches apart, 
backfilling with screened gravel and 
covering the whole with a protective 
layer of fine filter material. This type 
of construction insures a very large 
yield of water, Some of which is de- 
rived from the stream and some from 
the underlying alluvium, the propor- 
tions being dependent on the details of 
construction and the amount of with- 
drawal. The water system of the 
Borough of Sewickley, Pa., is an ex- 
ample of this type of collection. 


Wells 


In recent years there has been de- 
veloped a type of well which is known 
as a collector. It consists of a con 
crete-lined shaft, ranging from 11 to 
20 ft. in diameter, which is sunk by 
caisson methods to the water-bearing 
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dur. | sands or gravels. The bottom of the Allegheny River. It furnishes water 
have | shaft is sealed with concrete and, by for cooling and sanitary purposes to 
er jn | the use of hydraulic jacks, sections of the power station and for the public 
t the perforated pipe are pushed radially supply of the small community of Har- 
‘ithe | outward for distances up to several wick a short distance from the plant. 
hundred feet into the water-bearing The water is pumped from the well by 
es of | horizon, through portholes in the shaft four pumps operating singly or in pairs, 
stant | walls. As a result, the completed in- as required. Two 6,000-gpm. pumps 
ower | stallation is actually a collection of supply the plant, and two 300-gpm. 
numer | horizontal wells feeding water toa cen- pumps furnish the municipal supply 
‘sup- tral caisson where it is withdrawn by for the community. The well has 
er js | pumps. The yield may be very large, yielded 8,880 gpm. with a stabilized 
show | but this type of development is best drawdown of 24 ft., and company en- 
rsists | suited to unconsolidated sediments, gineers estimate that its total capacity 
such as sand and gravel deposits, either is in excess of 9,000 gpm. Alone it 
in river valleys or close to other good could supply a city the size of Albany, 
sources of recharge. There is one such N.Y., with its entire municipal water 
installation at present in the Pitts- needs, producing an average of 100 
burgh area, that of the West View gpd. per person. The normal rate of 
Water Authority on Neville Island pumpage, however, is only 2,900 gpm. 
orted f (4). in winter and 3,300 gpm. in summer. 
as a The principal method of collecting As far as is known, this is the most 
itake f ground waters, however, is by means productive well in the state of Penn- 
a pit? of vertical wells. They can be of — sylvania, and presents some idea of the 
bed,{ many types, the choice of which is de- extent to which ground water devel- 
laid} pendent upon such factors as cost of | opment may be carried under favorable 
part,} installation, depth to water, type of conditions. 
and} formation encountered and quantity of By far the greatest number of water 
ctive} water desired, to mention a few of the wells are drilled. In Pennsylvania they 
type} more important considerations in- are developed chiefly by two methods: 
large} volved. For farming, domestic and _ the cable-tool percussion method and 
; de-} other small supplies, wells can be dug, the rotary hydraulic method. The 
from} driven, bored or jetted, as these types former method is more widespread, 
ypor-} are relatively cheap and easy to con- and is almost always used where rock 
ilsoi} struct. Such methods are also quite formations are hard and where cost is 
with-| suitable if the water table lies at shal- the controlling factor. The advantage 
the} low depths of not over 50 to 60 ft. of utilizing the cable-tool method is of 
| eX: Dug wells have even been used as_ special importance where little is 
sources for industrial supplies, and known of the local geology, as any 
have been found capable of yielding water-bearing formations that are en- 
large quantities of ground water. An countered while drilling are discov- | 
| de} example of such an installation is the ered, because passage of the water into — 
owl} Duquesne Light Co. Well at the Col- the hole takes place immediately. If_ 
con-} fax Power Station along the Alle- the rotary hydraulic method is used, — 
1 tof gheny River at Springdale, Pa. This the mud used in drilling may seal off — 
kK byf 24-ft. id. dug well is sunk to a depth — the aquifer, and its water-bearing prop-— 
ing} of 61 ft. to the gravels underlying the erties remain undisclosed. 


= 
v= 
= 
‘ 
— ‘ 
= 
4 


On the other hand, the rotary 
method is superior to the cable-tool 
method in core-drilling. A core gives 
a picture of the formation in place. 
Where immediate expense is not the 
limiting factor, and considerable devel- 
opment is anticipated, test or core- 
drilling may also prove to be the cheap- 
est methods in the long run. The 
rotary method is generally the fastest 
method of drilling, especially in uncon- 
solidated materials, such as those un- 
derlying the Atlantic and Gulf Coastal 
Plains. 


Artificial Recharge 


In certain areas of the country, arti- 
ficial means are used to recharge aqui- 
fers, permitting rates of pumping much 
higher than would be possible under 
natural conditions. In the Long Is- 
land, N.Y., area, it is required by law 


It is estimated that there are about 
9,000 communities with an aggregate 
population of over 25,000,000 in the 
United States which have public water 
_ works supplied wholly or chiefly from 
wells or other structures for recover- 
ing ground water. Most of the public 

water supplies for the larger cities— 
that is, those with a population of 300,- 
_ 000 or more—obtain their water from 
_ surface sources, but the chief sources 
of most small communities are wells. 
4 In Pennsylvania, according to the best 
available information (6), 463 commu- 
nities are supplied wholly with water 
from wells, springs, mine shafts or in- 
filtration galleries; and 113 are sup- 
_ plied with a combination of ground and 
surface waters, making a total of 576 
- _ ground water users out of 1,036 com- 
munities having public water works. 
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that, over a certain limit, cooling water 
obtained from wells be returned to the 
ground through recharge wells. This 
practice is necessary to prevent exces- 
sive lowering of ground water levels 
and the encroachment of salt water. 
At several places in New Jersey, re- 
charge of productive aquifers has been 
obtained by water spreading—that is, 
by utilizing or constructing shallow 
basins near producing wells and spread- 
ing water from nearby streams over the 
basins. The waters percolate down in 
the same manner as they do in the hy- 
drologic cycle. In one location, at 
East Orange, N.J., this practice has 
resulted in an increase of approxi- 
mately 2 mgd. at a rate of 170,000 gpd. 
per acre of basin (5). The most ex- 
tensive use of water spreading is in 
California, where many millions of 
gallons a day are recharged to permit 
continued pumping for irrigation. 


Use of Ground Water 


In Allegheny County there are 13 mu- 
nicipalities supplied wholly from wells 
which yield 16 mgd. and serve a total 
of 171,000 persons. 

The total usage of ground water in 
Allegheny County, including both mu- 
nicipal and industrial supplies, was 
about 85 mgd. as of Apr. 1, 1947. It 
is estimated that pumpage during the 
winter months may be 20 to 25 per 
cent less than this figure. Pittsburgh 
alone uses more than 35 mgd.—a little 
less than 50 per cent of the total county 
pumpage. The municipal water works 
in Allegheny County accounts for ap- 
proximately one-quarter of the total 
daily ground water consumption. As 
great as these quantities are, they de- 
pict only a minor percentage of the 
entire water needs of the district, for 
one company alone, the Duquesne 
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Light Co., at times uses more than 
1,330 mgd. for its four power sta- 
tions. Pittsburgh, which is one of 
the largest centers of heavy industry 
in the world, has enormous water re- 
quirements, and it is small wonder 
that most of the surface streams in 
the area are highly contaminated with 
industrial wastes which, in turn, de- 
mand costly and extensive treatment 
to make the water fit for human con- 
sumption and further industrial uses. 

There are two principal reasons why 
most of the large cities use surface wa- 
ter and the smaller communities use 
ground water. Big cities require so 
much water that only exceptionally 
productive ground water reservoirs 
would be capable of supplying the de- 
mands, and, as a rule, most large cities 
are built near large streams or lakes 
which are capable of providing an ade- 
quate supply without resorting to ex- 
cessively expensive development costs. 

Figures could be cited at greater 
length, but only a few are needed to 
give an over-all picture of ground 
water conditions in the western Penn- 
sylvania area. Most of the large sup- 
plies are derived from the gravels and 
alluvium underlying the larger stream 
valleys. Because the concentration of 
population and industry is also in these 
valleys, it is reasonable to assume that 
water supplies, in general, were promi- 


nent factors in their development. —_—_—the form of supplemental reports to the _ 


Ground Water Studies 


In the attempt to better their living 
standards and beautify their landscapes, 
many states, and notably Pennsylvania, 
have begun programs of stream purifi- 
cation, flood control, sewage disposal 
and ground water investigations, all 
dealing with water resources. Some 
of these are conducted entirely by the 
states themselves, whereas others are 
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like the current ground water investi- 
gations made by the U.S. Geological 
Survey in co-operation with the Penn- 
sylvania Topographic and Geologic | 
Survey. That the importance of these 
studies is recognized is shown by the | 
requests from many municipalities be- 
sides Philadelphia and Pittsburgh, and © 
from various industrial concerns, for 
more detailed investigations of ground 
water conditions. 

Federal-state co-operative ground 
water reports of a reconnaissance type 
have already been published for the 
whole of Pennsylvania. These reports, 
numbered W-1 through W-7, have _ 
been published by the Topographic and ie 
Geologic Survey of the Pennsylvania | 
Dept. of Internal Affairs. They are | 
available at the Bureau of Publica- 
tions, Dept. of Property and Supplies, 
Harrisburg, Pa. a 

At the present time, ground water © 
studies in Pennsylvania are confined — 
chiefly to the immediate areas of Phila- _ 
delphia and Pittsburgh, the state’s two | 
largest population centers, where the _ 
need of such studies is most urgent. _ 
In addition, ground water inventories _ 
are in preparation for several counties _ 
in southeastern Pennsylvania, and for 
Allegheny County in western Pennsyl- | 
vania. It is contemplated that future 
investigations will cover the remainder 
of the state in the same manner, in 


ground water series of the Pennsyl- _ 
vania Topographic and Geologic Sur- | 
vey. The reports to be issued are _ 
designed to cover the area under con- — 
sideration in a comprehensive manner, 

showing the location and size of all 

existing municipal and industrial wells — 
and springs, depth to producing aqui- 
fers, logs and engineering data of wells, 
and chemical analyses for many of the 
wells. There is a very great need for 
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additional study and investigation in 
many of the other smaller municipali- 
ties and industrial centers of western 
Pennsylvania, where ground water fur- 
nishes an even greater percentage of the 
total water used than it does in Alle- 
gheny County. Further studies will be 
undertaken in these areas at the earliest 
opportunity. 


Future Problems 


Because the need for water is uni- 
versal, there are water supply prob- 
lems in nearly every county of the 
nation. Owing to its bulk, water can- 
not be transported long distances with- 
out great cost, and, as a result, the 

- greatest need for ground water investi- 
gation is often in areas where water is 
scarce and hard to find. Generally, 
water scarcities have existed in the 

arid and semi-arid parts of the West. 

In the past, the East, with its greater 

humidity and abundance of both ground 

i surface water, has had less need 
of thorough investigation of its water 

resources, but this condition is rapidly 
changing. There has been a_pro- 

- nounced increase in per capita con- 

sumption of water in recent years, and 
this trend will undoubtedly continue in 
be future. One of the most important 

- single reasons for the increase in de- 
mand for ground water is the increase 
_ of air-conditioning and cooling installa- 
tions. Wherever possible, the safe 

perennial yield of the ground water 

_ Teservorr in a given locality should be 
determined in advance of maximum 
development, to prevent the economic 

losses that result when a supply is 

— overdeveloped and wells must be aban- 

doned. 

Water is unlike most other mineral 

resources in that the supply is fully 
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replenished each year if it is properly 
developed within the limits of safe 
yield. Too often in the past this 
cheapest of natural resources has beep 
harmfully wasted and overdeveloped 
in restricted areas, and good aquifers 
have been seriously damaged by pollu- 
tion and contamination from surface 
sources. and by overpumping. The 
state and federal governments are as- 
sisting in the correction of these harm- 
ful conditions, many of which had their 
inception long ago but were accentuated 
by the war. The purpose of these in- 
vestigations is to aid in the maximum 
and optimum development of water 
supplies that will be perennially secure, 
This can be accomplished by wise utili- 
zation of the large storage capacities of 
the aquifers. It is a task of consid- 
erable magnitude, requiring the co-op- 
erative efforts of engineers, chemists 
and geologists in the field of scientific 
research and of municipal and indus- 
trial water works officials in everyday 
application. 
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By Douglas E. Chase 


A paper presented on June 12, 1947, at the Western Pennsylvania Sec- 


tion Meeting, Pittsburgh, Pa., by Douglas E. Chase, Mgr., Municipal ——— 
- Authority of Borough of West View, Bellevue, Pa. a 
ATER for the Municipal Au- and had proved quite successful. After 


thority of the Borough of West 
View, Pa., is obtained from a gravel bed 
30 to 40 ft. deep under the Ohio River 
and Neville Island. The water is 
pumped from 51 driven wells and 3 
gravel-packed wells, which combine to 
give a total capacity of approximately 
8 mgd. 

Increased demands during the war 
and a periodic drop in the static level 
of the wells made it necessary to over- 
pump the supply, causing rapid in- 
crustation of the well screens and re- 
duction of their yield. The drop in 
static level had been experienced in an 
annual cycle, but the water table has 
not regained its past level for a full 
year, indicating either that the cycle 
is greatly extended or that the drop is 
permanent. Early in 1946, the au- 
thority felt that it would be necessary 
to provide additional wells to increase 
the water supply. As the existing wells 
use up all the available area of the au- 
thority’s property, and of the adjacent 
grounds as well, it was decided to con- 
sider the installation of a radial water 
collector. 

The officers and consulting engineer 
of the authority, with the author, visited 
several radial collectors installed along 
the lower Ohio River. These collectors 
were installed under locations and con- 
ditions similar to those at West View, 


careful study, and knowing that there 
is a large volume of underground water 
which is hard but of high quality, the 
authority asked for bids on the instal- 
lation of a radial collector, believing 
that, for the same drawdown, the pin- 
wheel type of collector screen pipes 
would produce more water. The Ran- 
ney Water Collector Corp. of New 
York was awarded the contract and 
started construction in the summer of 
1946. 

The company first installed 6-in. 
test holes at two proposed locations 
to determine the underground forma- 
tion, depth of gravel bed and depth to 
bedrock. As both test holes proved to 
be similar to existing gravel-packed 
wells and to reach the same strata, it 
was decided to install the collector at 
the location nearest the softening plant. 
The test holes showed that bedrock 
depth was 63 ft. below ground level, and 
that a 35-ft. gravel bed with the best 
gravel stratum for projecting the radial 
screen pipes was located from 7 to 11 
ft. above that level. 


Caisson Excavation 


With this information at hand, con- 
struction of the radial water collector 
was begun. A _ 13-ft. id. reinforced 
concrete caisson with 18-in. walls, open 
at the top, was first sunk into the 
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ground down to the predetermined bed- 
rock depth in 11.5-ft. lifts. 

The first or lower lift was con- 
structed on the ground level, the bottom 
being constructed with a suitable con- 
crete shoe or cutting edge. This lift 
was provided with 24 portholes alter- 
nately spaced at 15-deg. angles, in two 
tiers of 12 each, and at an elevation that 
would locate them in the gravel strata 
7 and 10 ft., respectively, above bed- 
rock. 

The porthole assembly cast into the 
caisson consists of a 17-in. id. corru- 
gated iron sleeve with temporary 
wooden bulkheads which are de- 
signed to withstand the hydrostatic and 
other loads during construction. The 
excavation of material from within the 
caisson—by a clamshell bucket oper- 
ated by a crane—permits the caisson to 
sink by its own weight. Extreme care 
must be taken during excavation that 
the caisson settles vertically, with no 
more than 3 per cent deviation. After 
the caisson has been sunk 11.5 ft., an- 
other lift or section is built on top and 
the caisson excavation is continued. 
The process is repeated until the bottom 
edge rests on bedrock. 

When the caisson at West View was 
placed in its final position, a solid con- 
crete plug was poured at the bottom 
to permit dewatering. This plug was 
reinforced with two I-beams to give it 
sufficient strength to withstand all 
pressures encountered during or after 
construction. 

The water was pumped from the 
caisson and the equipment for the pipe 
projecting operation was then lowered 
into it. Prior to the projection of the 
screen pipe, 10-in. id. cast-iron flange 
and spigot sleeves were placed inside 
the porthole assemblies, aligned and 
securely grouted into position. After 


E. CHASE Jour. A WWA 
the grout had set, they were ready for 
the projection of screen pipe. 


Projection of Screen Pipe . 


The 8-in. id. collector screen pi 
was made of 3-in. steel plate and pro. 
vided with sufficient ‘ongitudinal slots 
s X I} in. to give an area of opening 
of not less than 18 per cent of the total 
pipe area. A slotted digging head made 
of semi-steel iron alloy was welded ge- 
curely to the end of the screen pipe, 
and the pipe was projected outwardly 
from the caisson through the cast-iron 
sleeve by means of hydraulic jack as- 
semblies which developed a maximum 
load of 150 tons. This screen pipe was 
projected in 8-ft. sections, the sections 
being butt welded flush with the pipe 
surface on the outside. 

Such projection is rendered feasible 
by the continuous removal from in front 
of the digging head of material which 
is dislodged by hydrostatic pressure. 
This material was discharged into the 
caisson through a 2}-in. temporary 
sand discharge pipe which extended 
back from the digging head. The flow 
of water from the collector screen pipe 
during the projection was prevented by 
the use of a sliding packer installed at 
the caisson end of the screen pipe. 

After the screen pipe had been pro- 
jected as far as possible, the temporary 
sand line was removed and a 10-in. 
gate valve installed to the flange of the 
cast-iron sleeve. When all the screen 
pipes had been projected, the gate 
valves were successively opened to 
flush each individual radial, utilizing 
the force of the full hydrostatic pres- 
sure in the ground against the atmos 
pheric pressure in the caisson. All the 
fine material was forced out of the re 
gion around the screen pipe, creating é 
graduated gravel bed around the screen 
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There was a total of 1,366 ft. of col- 
lector screen pipe projected from 12 
portholes in the lower tier and 3 in 
the upper tier, giving an average of 91 
ft, from each porthole. The shortest 
screen pipe was 48 ft.; the longest was 
130 ft. 

The 15 collector screens were devel- 
oped by surging to remove the fine sand 
and silt, and a 72-hr. pump test was 
run. A longer test could not be made 
because the gravel-packed wells, which 
are quite close to the radial collector, 
could not be shut down for any ex- 
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tended period. After 72 hours, the _ 
yield from the collector was 2.4 mgd., _ 
and there was very little interference __ 
with the other wells. The pumping 
level remained approximately station- 
ary. Final capacity tests will be made 
upon receipt of the pumps that are on 
order for the collector. 

The radial collector method is simple — 
and practical, but its success depends 
upon the development. The horizontal __ 
well must be developed in the same 
manner and to the same extent as the © 
vertical type. | 
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HE Ambridge Water Works serves 

several industries and a population 
of approximately 30,000. Industrial 
use accounts for approximately 70 per 
cent of the consumption of 60 to 72 
mil.gal. per month. 

The water plant is located near the 
Economy Railroad Station and is about 
100 yd. from the Ohio River. A small 
stream flowing down a ravine at the 
rear of the plant carries some of the 
pickling waste from the nearby steel 
industries. This waste has been seep- 
ing into the wells for a number of years, 
damaging the zeolite and the filters. 

The original water field consisted of 
six 8-in. wells below the creek, all 
drilled in the year 1900. Ten additional 
 8-in. wells were drilled in 1914 along 
the bank of the Ohio River—four be- 
low the creek and six above it. In 
1923, ten more 8-in. wells were pro- 
_ vided above the creek. In 1926, fifteen 
_ §8-in. wells were drilled below the creek. 
The six original wells and four of 
"those drilled in 1914 were abandoned 
because the installation of locks in the 
_ river placed them below the permanent 
river level. In 1939, six 12-in. wells 
were drilled to extend the upstream 
water field. 

Between 1921 and 1930, six wells 
at the mouth of the creek had to be 
abandoned because they were causing 
red water troubles. 

During the war, some of the local 
industries dumped pickling wastes in 
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New Water Field Development at Ambridge, Pa, 
7 By Edward C. Taggart 


Taggart, Suft., W ater 


excessive amounts into the creek. caus- 
ing the manganese and iron content of 
the water to jump from 3 or 4 ppm. to 
15 ppm. The hardness of the old wells 
ranges from 360 to 410 ppm., and this 
poor quality made the zeolite in the 
filters unusable. As a result, many 
complaints were received from con- 
sumers. 

In 1942, a survey proved conclu- 
sively that the farther away a well 
was, upstream from the creek, the better 
the water became. 

In 1944, the Chester Engineering Co. 
was engaged to make a survey and to 
design new wells and a 16-in. cast- 
iron pipeline from the wells to the 
water plant. Test wells drilied along 
the river corroborated the findings of 
the water department that the upstream 
water was much better. In 1945, eight 
12-in. wells with bronze screens were 
drilled approximately a mile upstream 
from the water plant. Six of these 
wells are equipped with Cook turbine 
pumps installed in a concrete pit with 
a watertight hatch, and each pump has 
a capacity of 500 gpm. Two of the new 
wells are not being used at present but 
are being held in reserve. 

The water from these wells contains 
only a trace of iron and manganese, 
and has a hardness of 120 to 180 ppm. 

Use of the new water field was he- 
gun in July 1946, and the consumers 
have been very pleased with the im- 
proved supply. 7 
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tion Meeting, Pittsburgh, Pa., 


HE increased size and efficiency 

of earth-moving machinery has 
brought the open pit or “strip” method 
of mining coal into much wider use 
and closer competition with deep- 
mined coal. As a result of this de- 
velopment came the sulfate wastes 
which invariably attend strip mining, 
and which create a critical problem for 
the water works industry. 

Before observing the causes and ef- 
fects of pollution by these wastes, it 
will be well to review briefly the me- 
chanics of the stripping process. Bi- 
tuminous coal occurs in generally hori- 
zontal layers, varying from zero to 12 
ft. in thickness. Geologically, a typical 
formation contains limestone and a 
rather impervious clay layer directly 
below the coal, with dark shales and 
low grade coal veins occurring some- 
times directly above the coal. On top 
of these are usually found shales and 
sandstones. In western Pennsylvania 
and other areas where the terrain is 
hilly, any coal which is considered 
strippable usually outcrops at some 
point above the level of the valley floor. 


Strip Mining 

Coal which has lain near the surface 
for a long time is generally weathered 
until it is of no commercial value. Ac- 
cordingly, it is customary to —_ 
mining at a point where the coal 1 
covered by 8 to 15 of overlying 


Effects of Coal Strip Mining Upon Water Supplies | 
By Raymond H. Snyder 
A paper presented on June 12, 1947, at the Western Pennsylvania Sec- 
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den. Large power shovels or draglines _ 
are used to remove the burden for a _ 
width of from 30 to more than 70 ft., — 
always casting the material downhill. 
As the machine moves along the hill- 
side, in a direction parallel with the — 
contours, a long pile of the excavated 
material, called a “spoil bank,” is — 
formed on the downhill side of the 
open cut (Fig. 1). 

It can readily be seen that, particu- 
larly where the dragline is employed, _ 
the material lying nearest the surface 
finds its way to the bottom of the spoil 
pile. That means that the carbona- _ 
ceous material in the dark shales and a 
coal waste remains near the top. 

After the burden is removed, small 
loading shovels remove the marketable _ 
coal, which is trucked to a loading 
tipple. When the coal from the first _ 
cut is removed, the dragline or large _ 
shovel makes a second cut adjacent to _ 
and uphill from the first. The exca- _ 
vated material fills the first cut and — 
forms a second spoil bank directly be- 
side and a little higher than the first. 
On each bank, of course, the carbona- 
ceous material present is near the sur-_ 
face. This is emphasized because, as 
will be discussed in detail later, the 
carbonaceous material contains the ma- 
terial from which pollution comes. | 
This process continues until as much 
as 125 ft. of cover or even more has 7 


been removed. A workin rule is that 
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a foot of burden can profitably be re- tically saturated with oxygen-bearing 
moved for an inch of coal. Other limi- rain water. A short while after the 
tations, such as size of equipment and rain stops, the water leaves the spoil 
amount of rock present, must of course banks, carrying with it the dissolved 
be considered. sulfates. As the water descends 
There is in the coal and associated through the spoil banks, moist air nee. 
dark shales a small percentage of iron — essarily enters the pores of the material 
disulfide in the form of the mineral to replace the water. This leaves con. 
pyrite. This mineral is in itself harm- ditions ideal for further oxidation, 
less because it is insoluble. When ex- Strip mining causes even unmined coal 
posed to the action of air and water, to become a source of pollution, since 
however, it readily oxidizes into the the creation of open cuts lowers the 
soluble iron sulfate. The hydrolysis ground water level, and coal which 
of iron sulfate forms sulfuric acid, had always been covered with water js 
which neutralizes the normal alkalinity exposed to an action similar to that 
of the water and attacks the shales, which occurs in the spoil banks, 
clays and sandstones, releasing cal- These processes result in the pollu- 
cium, magnesium, aluminum and man- tion of surface waters, but it can be 


752 


Original Surface 


Ground Water Level 
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Dark Shale and 

Low Grade Coal Vein 


Ground Water Level 
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Coal Vein 
~ 
Spring 
Fic. 1. Section Through Typical Coal-Stripping Operation 


ganese, in addition to the iron from the appreciated that the nature of the 
pyrite. Typical reactions in the crea- structure below the coal will determine 


tion of pollution are: what portion of the pollution finds its 
ee way into springs and streams, and what 
2 FeS, + 2 H,O + me 0,— part flows into the lower area of ground 
2 FeSO, + 2 H,SO, water. Almost always, however, it is 

t 42HO the surface water which is most imme- 
12 FeSO, +3 O, + diately and most severely damaged, al- 
. though badly polluted springs have 


4 Fe. »(SO4)3 +4 Fe(OH). 
H,SO, + CaCO; > 
CaSO, + H,O + CO, 


_H,SO, + Ca(HCO > ping. 
CaSO, + 2H,O + 2C0, Numerous stripped areas in western 
Pennsylvania have been studied by the 


These reactions occur quite readily author, but he has been chiefly cor 
_ in the porous spoil banks. During a_ cerned with the pollution of the sup 
_ heavy rain, the spoil banks are prac- ply of West Penn Water Co., which 


been found approximately 100 ft. be- 
low and 0.25 mile away from any strip 
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grves 8,300 people and a number of _ stripping had no immediate effect upon 


large industries in McDonald, Bur- 
gettstown and vicinity. This company, 
which was organized in 1893, obtained 
water from the Bavington Reservoir 
since 1901. Before it became polluted, 
the water had a hardness of less than 
100 ppm., of which moré than half was 
bicarbonate hardness. 

Between 1927 and 1932, approxi- 
mately 70 acres of the Pittsburgh vein 
of coal were stripped. In the 3,000- 
acre watershed, this amount of strip- 
ping would not have entirely destroyed 


the raw water supply, as the maximum 
pollution from a given operation does 
not take place until about 12 to 18 
months afterward. This relationship 
is shown in Fig. 2, in which, because 
of the large amount of data available, 
the parts per million of sulfate hard- 
ness plus free acid is used as an index 
of pollution. The results are approxi- 
mately the same as if the concentration 
of sulfates alone was used. 

The effect of the earlier stripping be- 
came manifest at about the beginning 
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Fic. 2 
the supply. Further, the effect of this 
early stripping was largely obscured 
by the fact that 90 per cent of the pol- 
lution coming from the operation was 
diverted through an adjacent deep mine 
and thence into another drainage area. 
This fact was not brought to light 
until much later, when it was found 
that, even after 15 years, the small 
amount of water flowing from this op- 
eration into the drainage area had a 
hardness of more than 1,000 ppm., al- 
most all of which was in sulfates. 
Stripping was resumed in 1942 and 
increased in tempo during 1943 and 
1944. Even the more intensive later 


1942 1943 


2, Relationship Between Coal Stripping and Pollution 


of 1944. General observations were 
made during the first half of 1944, but 
it was not until a stripping operation 
released a large quantity of acid drain- 
age from an abandoned deep mine that 
a full-scale engineering study was be- 
gun. This investigation included the 
plotting of all the stripping operations 
on a map of the drainage area. A 
graph was prepared showing the daily 
hardness, alkalinity, pH and _ rainfall 
for the period 1937-1944. Frequent 
sampling of the major streams in the 
watershed was instituted and a com- 
plete report on the entire situation was 


prepared. 
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Legal Proceedin 


After unsuccessfully attempting to 
negotiate a financial settlement with 
the responsible coal operators, it was 
determined to institute legal proceed- 
ings. A hearing for preliminary in- 
junction was held in April 1945, at 
which time the court decided that it 
was too late for injunctive relief, in- 
asmuch as irreparable damage had al- 
ready been done. The summer of 1945 
was spent in preparing data for a 
damage suit and the hearing for final 
injunction, which was held in Septem- 
ber 1945. After hearing the plaintiff's 
testimony for 13 days, the court ad- 
vised the coal operators that if they 
did not make an out-of-court  settle- 
ment that would permit construction 
of a new water supply, he would issue 
an injunction forthwith. With this 
impetus, the company was able to ne- 
gotiate a $500,000 settlement. 

During the lawsuit, a number of 
important points were brought out: 

1. By 1945, the water had attained 
an average hardness of 392 ppm., a 
maximum hardness of 490 ppm., a pH 
of 4.3 and a free acid content of 28 
ppm. In other words, the alkalinity 
was entirely destroyed by the sulfuric 
acid from the strip mines. 

2. Some of the polluted water leav- 
ing the stripping operations had up to 
9,000 ppm. of hardness, 1,560 ppm. of 
free acid, 20,696 ppm. of total solids, 
3,333 ppm. of iron, 240 ppm. of man- 
ganese, 400 ppm. of color and 9,770 
ppm. of sulfates. 

3. The practicability of relieving pol- 
lution by backfilling or contouring was 
thoroughly investigated. A runoff test 
made on a contoured spoil bank showed 
that for a rainfall intensity of 0.3 in. 
per hour (only 25 per cent of rainfall 
in this region falls at a greater inten- 
sity), runoff amounted to only 1 per 
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cent and the runoff water had a hard. 
ness of 1,000 ppm. A percolation tey 
was made, from which the only cop. 
clusion drawn was that the contoured 
spoil banks were very heterogeneoys 

4. Sieve analysis revealed that, afte; 
about 18 months of weathering, ¢ogj 
waste was so broken up that 54 times 
as much surface was exposed to the 
action of air and water than a solid 
block of coal offered before being 
mined. 

5. A tabulation of the results of 
stream gaging and sampling, which 
was finally expressed in terms of 
pounds of sulfate per day from each 
polluter, made possible the evaluation 
of the amount of damage for which 
each operator was responsible. 

6. The valuation of the compan 
before and after pollution was pre. 
sented. 

7. The cost of constructing a new 
supply was developed from a design by 
The Chester Engineers of Pittsburgh 

After the settlement was made, con. 
struction of a new 200-mil.gal. im 
pounding dam and 2.0-mgd. filtration 
plant, and of 31,000 ft. of 16- and 14-in 
transmission main undertaken 
The new supply was placed in opera 
tion on Feb. 2, 1947, at a cost of ap 
proximately $700,000. Obviously, the 
public will ultimately have to amortiz 
the excess of $200,000 over and abovw 
the settlement figure. 

Recent observations of the Baving 
ton watershed indicate that the pollu 
tion is continuing to intensify, as woul 
be expected with continued stripping 
The condition of several of the streams 
that were studied during 1944 and 
1945 is of considerable interest. 

A stream entirely surrounded by 
spoil banks which were contoured tw 
years ago still has 1,700 ppm. of su! 
fate hardness and 236 ppm. of fre 
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acid, even after dilution by heavy rain- 
fall. The hardness in 1945 was over 
3,000 ppm., and free acid was over 
1,000 ppm. At this particular loca- 
tion the coal operator made a serious 
effort to keep the carbonaceous mate- 
rial concentrated as close as possible 
to the bottom of the spoil bank, so that 
it would be completely covered when 
the area was contoured. In addition, 
the contoured area was planted in 
grass and covered with straw in order 
to provide as good conditions as_possi- 
ble for the development of a sod cover. 
In other words, despite a contouring 
job which, within practical limits, was 
well done, the reduction in pollution 
was certainly not sufficient to justify 
any strip mining on the watershed of 
a public water supply. Any stream of 
considerable size which is polluted to 
the extent of 1,700 ppm. of hardness is 
intolerable. And of course the dura- 
tion of the pollution is increased in 
proportion to the reduction in intensity. 

Another stream which has been re- 
ceiving strip mine drainage for three 
years has a sulfate hardness of 1,030 
ppm. now, compared to only 700 ppm. 
in 1945. No contouring was attempted 
at this operation ; the spoil banks have 
been left as they were. 

The disaster which befell the West 
Penn Water Co. is by no means an 
isolated example. The Langeloth Wa- 
ter Co., located in an area where there 
is almost no dark shale or low-grade 
coal above the Pittsburgh vein, has 
struggled with the coal stripping men- 
ace for 30 years. Although performed 
at a much slower rate, coal stripping 
nevertheless utterly ruined the water 
supply, and the company has had to 
develop a new source. 

The Harmon Creek Coal Corp. had 
a small impounded supply near Bur- 
gettstown, from which boiler water 
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was obtained. The company’s own 
coal stripping operations made the sup- 
ply unusable, and caused it to turn 
elsewhere. 

Stripping of the Freeport vein of 
coal on the Clover Run watershed of 
the Punxsutawney Water Service Co. 
began in the fall of 1945. Legal pro- 
ceedings were instituted immediately, 
but, at a hearing for preliminary in- 
junction, the Clearfield County Court 
dissolved a temporary restraining or- 
der it had issued, on the grounds that 
the danger of great and irreparable 
damage had not been shown. As was 
clearly demonstrated by the West Penn 
case, there is a very definite time lag 
which retards the apparent pollution 
for 12 to 18 months after mining. It 
is only now that pollution of the water 
leaving the Punxsutawney operation is 
becoming very evident. In view of 
the adverse ruling in the preliminary 
injunction, it is questionable whether 
the court would even now recognize 
the water supply’s grave danger, which 
is made critical by the development of 
six new operations since the original 
hearing. 

The whole problem is made the more 
serious by the increasing magnitude of 
strip-mining operations. As the costs 
of deep-mining coal and the efficiency 
of stripping machinery both increase, 
only the imagination of the shovel de- 
signer and the ability of the coal in- 
dustry to finance the capital equipment 
limits the extent of future operations. 

Another factor which underscores 
the importance of the problem is the 
need for more water supply capacity 
and the demand of the public, espe- 
cially industry, for higher standards 
of water quality. The 1945 session of 
the Pennsylvania Legislature passed a 
strip mine control bill which, among 
other provisions, required the posting 
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of a $200 per acre bond for the backfill- 
ing of stripped areas. As the cost of 
backfilling runs closer to $500 per acre, 
however, the law is obviously ineffec- 
tive. Furthermore, experience has 
shown that backfilling in itself does 
not prevent water supply pollution. 
The only way to prevent the ruination 
of water supplies is by legislative ac- 
tion forbidding coal-stripping opera- 
tions on watersheds—especially small 
watersheds—from which public water 
supplies are obtained. 

There are provisions in law to com- 
pel other industries to clean up their 

tal 
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Attorney, Pittsburgh, Pa. 
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When the West Penn Water Co. 
found that its water supply had become 
polluted by coal strip mining, it turned 
to the writer for legal remedy. Water 
companies have become so accustomed 
to meeting pollution of their water sup- 
_ plies by simply treating the pollution, 
_ that the plan originally proposed was 
to ask the polluters to pay the extra 
while permitting 


the strip mining to continue. 


When the coal operators refused to 

_ co-operate, equity suits were brought in 
the spring of 1945 to enjoin the pollu- 
tion. In the meantime the condition 
had become so aggravated that Judge 
~G. Malcolm McDonald of the Court of 
Common Pleas of Allegheny County 
- refused a preliminary injunction on the 


a ground that immediate relief by way of 


injunction was no longer practicable. 
- The suits which had been brought 
were pressed to trial. After presenta- 


tion of the case for the water com- 
_ pany, a compromise settlement of $500,- 


pollution, and only the coal operators 
lobby prevents the inclusion of mine 
drainage. The only way to obtain such 
legislation is for individual utilities to 
teach the public the facts and for water 
works organizations to campaign ae. 
tively for this needed protection. 
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Discussions 


000, representing the valuation of the 
supply that had to be abandoned, was 
agreed upon. This amount did not pay 
the full cost of the new supply, but in 
some respects the new supply was supe- 
rior to the old, and a certain differential 
in cost was justified. The outcome, 
therefore, was a substantial victory for 
the water company. 


Other Litigation 

The experience of the Punxsutawney 
Water Service Co. was not so gratify- 
ing. When coal strip mining was be- 
gun in the watershed of the Clover Run 
Reservoir of that utility, the writer ad- 
vised the institution of an injunction 
proceeding in equity to enjoin strip 
mining in that drainage area. By tak- 
ing immediate action, it was hoped that 
the water company would not find itself 
in the same situation that the West 
Penn Water Co. was in when a prelimi- 
nary injunction was refused because the 
damage done was irreparable. 

A temporary restraining order was 
obtained, but the motion for a prelimi 
nary injunction was later refused and 
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the restraining order dissolved, on the 
ground that the pollution of the water 
supply was not sufficiently imminent. 
Although the threat of pollution ex- 
isted, evidence of the pollution of the 
water supply was quite meager at the 
time of the hearing. No one could 
foresee what degree of pollution would 
result. 

An immediate appeal was taken to 
the Supreme Court. A statute ex- 
pressly authorizes such action, but the 
Supreme Court in a number of deci- 
sions had indicated that the discretion 
of the court below would not be dis- 
turbed by it except to undo a clear 
error. 

The preliminary injunction had been 
refused on Oct. 27, 1945. Although 
the appeal was taken quite promptly, 
some delay in preparation prevented it 
from being heard until the following 
spring. By that time preliminary ob- 
jections which had been interposed by 
the defendant had been overruled, an- 
swers had bgen filed, and the case was 
also ready for its final hearing. When 
the court learned that the case was 
ready for its final hearing, the Chief 
Justice and some other members of the 
court lost interest in the argument of 
the appeal for the preliminary injunc- 
tion, and dismissed the appeal. 

Meanwhile, despite their success in 
the courts, the mining operators had 
heen obliged to discontinue their opera- 
tions anyway. The roads had been im- 
passable during the winter, and in the 
spring the mining was not resumed, 
probably because the thinness and poor 
quality of the coal, added to the amount 
of burden overlying it, would have 
made strip mining unprofitable. 

As the supply was not being endan- 
gered by further pollution, therefore, 
and the evidence of pollution had not 
substantially increased while the mining 


crews were idle, it was decided to dis- 
continue the suit. | 

Just recently the writer was informed — 
that there are now seven stripping op- 
erations in the watershed of the Clover _ 
Run Reservoir, and the pollution of — 
that water supply is becoming quite | 
evident. The failure of the courts to © 
enjoin strip mining in this drainage _ 
area is now causing the people of | 
Punxatawney to accept the pollution of | 
their water supply, and the pollution 
may well become so severe that the 
supply will have to be abandoned. 

In Pennsylvania those who are af- 
fected by pollution coming from coal — 
mining operations have to face the doc- 
trine of the Sanderson case (113 Pa. 
126), which was decided in 1886 after 
it had been argued four times in the 
Supreme Court. At that time coal 
mining was a vital industry in Pennsyl- 
vania, and many persons attribute the - 
industrial development of the state to 
its coal deposits. The Supreme Court _ 
decided the Sanderson case by holding» 
that the fish pond of Sanderson could 
not be protected against pollution com- 
ing from the coal mining operation of 
the Pennsylvania Coal Co. Ina later © 
decision, the court itself explained that 
it had balanced the necessities of agreat 
public industry against mere personal 
inconvenience, and it had decided that 
the convenience of particular persons — 
must give way to the need of a great 
community to encourage the develop- 
ment of a great natural resource. The 
decision, however, has been roundly 
criticized by the appelate courts of other 
states and by authorities on law and 
jurisprudence. 

In 1924, however, the Sagamore case 
(281 Pa. 233) was decided by the 
Pennsylvania Supreme Court in a quite 
different manner. The plaintiffs in this 
case were the owners of a public water 
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supply—not a fish pond—and almost 
40 years had elapsed since the Sander- 
son case had been decided. During that 
period the industries of Pennsylvania 
had undergone a substantial change; 
population had greatly increased; and 
good water supplies had become scarce. 
The Supreme Court ruled that public 
water supplies were to be protected 
against coal mining pollution, and that 
the Sanderson decision was not to be 
interpreted to permit the pollution of 
public water supplies by coal mining 
operations. 


Pertinent Legislation 


Legislation on the statute books of 
Pennsylvania also affects the protection 
of watersheds from pollution. The 
Pure Streams Act, approved in 1937, 
gives the Sanitary Water Board power 
to make and enforce reasonable orders 
and regulations for the protection of 
any source of water approved by the 
Dept. of Health as a public water sup- 
ply, and prohibits any pollution of such 
sources which renders them inimical or 
injurious to public health, or objection- 
able as public water supplies. This 
act also provides for the abatement of 

pollution of any of the waters of the 

- commonwealth in a manner now pro- 
vided by law or equity, and in addition 
authorizes suits to abate their pollution 
in the name of the commonwealth on 
relation of the Attorney General or on 
relation of any district attorney or of 
the solicitor of any municipality affected. 
7 The Pure Stream Act was amended 
in 1945, and in the same year the Bi- 
tuminous Coal Open Pit Mining Con- 
servation Act was passed. The latter 
act has since been held constitutional 
by the Court of Common Pleas of 
~ Dauphin County, but its constitution- 
ality has not yet been passed upon by 
the Supreme Court of Pennsylvania. 
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If the Bituminous Coal Open Pj 
Mining Conservation Act is upheld. 
those engaged in mining bituminoys 
coal by the open pit method will be re. 
quired to post a bond amounting to 
$200 per acre mined. Within a year 
after the operation is completed, the 
operator is required to place sufficient 
burden in the open cut to cover the 
exposed face of the unmined coal to a 
point beginning at least 3 ft. above the 
top of the coal and extending to the 
bottom of the pit at an angle not to 
exceed 45 deg. The peaks or ridges 
of spoil banks must be sufficiently ley- 
elled and rounded off to permit the 
planting of trees, grasses or shrubs, 
and rejected coal and burned material 
may not be used on the high wall bank. 
In addition, within a year after the 
mining operations are completed, trees, 
shrubs or grasses must be planted if 
the Secretary of Forests and Waters 
finds that such planting is reasonable, 
practicable and likely to succeed. 

The 1945 amendment to the Pure 
Streams Act related primarily to in- 
dustrial waste discharges, but it under- 
took to amend Section 310 of the 1937 
act which exempted acid mine drainage 
from the provisions of Article III of 
the act until the Sanitary Water Board 
considers that practical means exist for 
the removal of the polluting properties 
of such drainage. The 1945 Amend- 
ment provided that the discharge of acid 
mine drainage into “clean waters” 
which are being put to public use 
should be prohibited if the state pro- 
vides pipes, conduits, drains, tunnels or 
pumps to transport and divert the 
drainage as the Sanitary Water Board 
prescribes, and the Sanitary Water 
Board was given the power to condemn 
rights of way and to construct such 
diverting facilities at public expense. 
The 1945 Amendment also provided 
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that no mine may be opened or con- 
tinued in operation unless a plan of the 
proposed drainage and disposal of the 
acid mine wastes is submitted to and 
approved by the Sanitary Water Board 
acting in consultation with the Dept. 
of Mines. 

The 1945 legislation has not been of 
much practical help to water companies 
which are threatened by acid mine 
drainage. Article V of the Pure 
Streams Act of 1937, however, gives 
the Sanitary Water Board broad 
powers to protect water used for public 
water supply purposes from pollution. 
No exception is made of acid mine 
drainage and the doctrine of the Saga- 
more case is expressly preserved by 
Section 701 of the act. 


Inadequacy of Present Protection 


Unfortunately, the Sanitary Water 
joard considers itself to be a_ policy- 
making board and not an enforcing ad- 
ministrative agency. The writer tried 
to induce the Sanitary Water Board to 
act under the broad powers which it 
possesses under the Pure Stream Act 
in the Punxsutawney case, but the 
hoard refused. The board is quite in- 
sistent in requiring water companies to 
furnish a safe supply of water to the 
public, but heretofore it has failed to 
co-operate and to take appropriate ac- 
tion for the protection of public water 
supplies from acid mine drainage and 
other sources of pollution. 

The Sanitary Water Board is com- 
posed of the Secretary of Health, the 
Secretary of Forests and Waters, the 
Commissioner of Fisheries and three 
other members. The ex-officio mem- 
bers are busy with their other duties 
and the three general members serve 
on a part-time basis. The board has a 


Secretary but no personnel adequate to 
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enforce the provisions of the Pure 
Streams Act. 

Although the citizens of Pennsyl- 
vania are quite devoted to the free en- 
terprise system, they nevertheless must 
recognize that in the interests of good 
government it is necessary that there be 
quasi-judicial administrative bodies— 
such as the Pennsylvania Public Utility 
Commission—which have the power to 
act on the part of the public and which 
are equipped with staffs adequate to 
perform their duties. Until the Sani- 
tary Water Board is adequately staffed. 
much help cannot be expected for the 
protection of public water supplies from 
pollution. Water utilities are therefore 
dependent almost entirely upon secur- 
ing judicial relief. The situation is dif- 
ficult for it cannot be forgotten that the 
coal mining industry is well organized. 

Acid mine drainage from open pit 
spoil piles does not come all at once 
but seeps in gradually, and it is not 
easy to produce conclusive evidence of 
pollution until the damage has already 
been done. The writer is personally so 
convinced that pollution is inevitable if 
there is a strip mining in the drainage 
area, that he believes all such mining in 
the watershed of a public water supply 
should be prohibited outright by the 
courts. 

The judges of our courts are only 
men—they are not superhuman—and 
there has not been sufficient education 
on the subject to develop unanimity on 
the appropriate rule of law. The failure 
of the Sanitary Water Board to act 
makes necessary the education of every 
judge in the coal mining districts and 
on the appellate courts. The writer is 
a great believer in the common law 
system, but it does not function without 
prompt, vigilant and adequate support 
on the part of the people who are in- 
terested in a problem. | 
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Pennsylvania now has such a large 
population and such diverse industries 
that it is no longer dependent upon the 
coal mining industry to the extent it 
once was. Good water has become so 
scarce that the time has surely come 
for water supplies to be protected 
against acid mine drainage. 

William J. Murdoch 
Consulting Engineer, Pittsburgh, Pa. 


The mining of coal by stripping 
methods became a frenzied activity dur- 
ing the war and has continued,in inten- 
sity until the present. Production 
methods during wartime generally rec- 
ognize no reasonable use of judgment 
regarding the future effects of many of 
their activities. The fact that effects 
on the health, welfare and economic se- 
curity of a community do not appear 
to be a basic consideration in wartime 
developments is well illustrated by the 
case discussed in the foregoing papers. 

In 1944, one of the defendants in the 
West Penn Water Co. case (Company 
A) requested the writer’s opinion re- 

garding the present and future effects 
of its coal stripping operation on the 
character of water draining from the 
mining area with respect to the use of 
this water as a source of public supply. 
Little information and data were avail- 
able on this problem, so that conclu- 
sions were of necessity a matter of 
personal judgment. In submitting the 
report, however, the writer made the 
following predictions : 

1. The water will become worse as 
stripping progresses. 

2. The effect of the stripping will be 
continuous after the work has ceased, 
possibly improving slightly, then reach- 
ing an annual state of equilibrium. The 
effect on the water supply will continue 
for a long time, probably not less than 
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twenty years and possibly even indefi- 
nitely. 

3. The water may closely approach a 
condition of being unsatisfactory as a 
source of water supply and necessitate 
abandonment. 

4. The breaking through into aban- 
doned or inactive mines will probably 
result in a sudden pollution load that 
will seriously affect the water supply. 

5. The life of the impounding reser- 
voirs may be shortened due to an in- 
crease in silt and mineral deposits, 
caused by higher turbidities and by 
settling out of such constituents as iron 
and manganese. 

Far more quickly than could nor- 
inally be anticipated, those predictions 
were substantiated. The following 
year, the West Penn Water Co. en- 
tered suit for damages against three 
coal companies. The case was more 
complicated than might be expected be- 
cause the three defendants could not 
agree on methods of stripping nor on 
their respective liabilities. 

Company A then asked the writer 
to make an over-all study of the prob- 
lem, gather necessary data and, in par- 
ticular, determine what proportion of 
pollution was the result of its opera- 
tions. So with little precedent to guide 
him in such a study, he was presented 
with a most unusual and vexatious 
problem, the first step in the solution 
of which involved : 

1. The preparation of maps showing: 
(a) extent of area included in the prob- 
lem; (b) topography; (c) streams; 
(d) location and extent of existing and 
past stripping operations; (e) location 
of points of discharge from under- 
ground mines; (f) location of points of 
settling of ground apparently caused 
by underground mining; (g) location 
of points of seepage that contained un- 
derground contamination due to mi 
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ing; and (h) roads, reservoirs and 
other similar or related features 

2. The conducting of intensive sur- 
veys of the watershed, which required 
walking over the entire area many 
times 

3. The analysis of water collected 
from many points 

4. A study to determine what method 
could be used to define the responsi- 
bility of the company represented 

5. A study to determine what steps 
could be taken to minimize the effects 
of continuing operations. 

The essential object of this study was 
to determine the approximate quantity 
of pollution being added to the waters 
draining into a small stream known as 
St. Patrick’s Run and into its branches, 
as a result of coal stripping operations 
on the watershed above the impounding 
reservoirs. Thus, it was. decided to 
measure the stream flows and corre- 
late these data with the quantity of 
pollution per unit of volume as deter- 
mined by chemical analyses. The quan- 
tities of pollution were to be determined 
essentially by comparing the sulfate 
content of the waters with the sulfate 
content of normal streams in this area. 


Survey Methods 


The first step in obtaining the re- 
quired data was the location of satis- 
factory sites, where the flow of all pol- 
luted streams could be measured and 
where samples, that would include inso- 
far as possible all pollution being con- 


tributed, could be collected. Some 
negligible quantities of pollution were 
not included in the survey. Each site 
was designated by a number or letter 
for identification. The following list 
indicates the sites that were used in 
obtaining the data required to deter- 
mine the quantities of pollution con- 


_ fully chosen to permit the proper in- 


tributed by Company A and by others: 


Company A 
(1) Weir 2 (1) Weir 1 
(2) Weir 3 (2) Weir 4 


(3) Weir 5 
(4) Weir 6 
(5) Weir 10 
(6) Weir 14 
(7) Weir 15 
(8) Weir 16 
(9) Weir p 


(3) Weir 7 
(4) Weir 8 
(5) Weir 9 
(6) Location h 
(7) Location 


Of this series Weir 10 measures the 
flow of Weirs 1 to 9 inclusive, Loca-— 
tions h and g, and other normal drain- _ 
age from the watershed. 

The flow of water at each of the | 
sites was measured by the use of weirs _ 
or by directing the flow into a cali- 
brated container for a given period of — 


time. The weirs were either the tri- _ 
angular (V-notch) or rectangular 
type. In designing the weirs, it was 


necessary to take into account the fact 
that the flows of the streams would — 
probably vary considerably during the _ 
period that measurements were to be | 
made. The steel weir plates and bulk- 
heads were designed so that each — 
smaller size could be readily replaced : 
with the next larger size and the tri- 
angular weirs replaced with rectangular — 
ones. 

The location of each weir was care- 


stallation of a bulkhead across the 
stream, perpendicular to the flow, and_ 
to allow excavation of the approach - 
channel to a size sufficient to create 
pondlike or quiescent conditions, so_ 
that the water would approach the weir 
openings with a low velocity of flow. 
The approach channels were excavated 
to the proper dimensions and all silt 
and debris removed before taking each | 
set of readings. 

The steel weir plates inserted into 
the bulkhead openings were tightly at- 
tached and placed in a level and verti- 
cal position. The steel plates were 5 
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in. thick, the inner or upstream edge 
sharp crested and the downstream edge 
beveled to a 45-degree angle. The dis- 
tances from the upstream crest, or ver- 
tex, and from the sides of the weirs, 
to the bottom and sides of the stream, 
respectively, were all sufficient to al- 
low proper approach conditions. 


into the stream bed near the bank, at 

least four feet from the vertical face of 

the weir, and a tack or nail placed in 
this stake with the top adjusted to the 
approximate level of the vertex of the 

V-notch weirs or the crest of the rec- 

tangular weirs. 

The depth of flow over the weirs 
was measured from the top of the tack 
to the water level and adjusted for any 
difference found between the elevations 
of the tack and the vertex or crest. 
This method of obtaining the depth of 

- flow was checked by at least one other 
method. 

The measurement of flow in small 
_ streams, where weirs were not installed 
_ or where flows were too small to be 
_ measured through the usé of weirs, was 
_ accomplished by directing the water 
_ into a calibrated container for a given 
period of time. 

A sample of water was collected at 
each site at the approximate time the 
weir or flow readings were being ob- 
tained. Each complete set of flow read- 
ings was made at all sites and a sample 
of water collected from each site during 
the period of one day. If rain occurred 
during the day, the work was halted 
and the data gathered were not in- 
cluded in the final report. 

The three sets of data were obtained 
on May 5, July 13 and July 28, 1945, 
_ respectively. The study, therefore, was 
- made during periods of comparatively 
_ high, average and low stream flows. 


To permit measurement of the head | 
or height of flow above the crest or. 
vertex of the weir, a stake was driven 
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Flow Computations 


The discharge of the weirs was com. 
puted by the use of the following 
formulas : 


(1) 

Rectangular 
Q= 3.33 (b — . (2) 

(Francis formula for rec- 

tangular weirs with end a 
contractions ) 
in which: 

H = head of water on the weir, being 
the difference in elevation in feet be- 
tween the crest of the rectangular weir 
or vertex of the V-notch weir and the 
surface of the water in the channel at 
a point upstream beyond the beginning 
of the surface curve. 

b =Ilength, in feet, of rectangular 
weir. 

QO = discharge, in cubic feet per sec- 
ond (1 cfs. = 448.9 gpm.). 

The Francis formula is generally 
used for computing the discharge of 
rectangular weirs. It has the advan- 
tage of long usage and consequent fa- 
miliarity, especially in legal cases, but 
has often been used beyond the limits 
established by Francis himself. The 
Francis formula is not generally en- 
tirely suitable for low heads, such as 
existed during the reading taken in 
July 1945, usually giving lower flows 
than those obtained by the use of the 
Rehbock and the Fteley and Stearns 
formulas. In view of the fact that the 
findings set forth in this report were 
based on comparative results, the intro- 
duction of small errors did not mate- 
rially affect the final percentages of 
pollution. 


Chemical Analyses 


The samples of water collected on 
May 5, July 13 and July 28, were de 
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jvered to chemical laboratories for the ferrous sulfate formed is taken into 
analyses. Results are shown in Ta-_ solution. The ferrous sulfate reacts 
ble 1. with the water to form sulfuric acid 
The establishment of a basis for de- which, in turn, reacts with other ele- 
rmining the quantity of pollution ments and compounds found in the 
aided to these waters as a result of coal coal and other geological formations, 
gripping presents a difficult problem. to form sulfate compounds. The sul- 
It is necessary to determine what con- fate radical moves along this chain of 
gitutes pollution and what chemical reactions, finally reaching the point 
constituents may be used as a reliable where a stable compound is formed. 
yardstick for the measurement of pollu- This sulfate radical is rarely removed 
fon. In this case, an analysis of the in these reactions and remains, there- 
problem requires taking into account fore, as a stable constituent of the 
the effects of coal stripping on the waters. 
chemical composition of surface and The analyses of the waters show that 
ground waters and the effect of these many objectionable materials are pres- 
changes in chemical composition on the ent. Most of these materials are not 
witability of the waters for use as a_ reliable as indexes of pollution since 


sgurce of public water supply. they are subject to many changes and 
Percentage Pollution Attributable to Company A Operations 
(Based on Individual Weir Readings) 
Date Base 50 Base 100 Base 150 Base 200 Base 250 
May 5, 1945 13.6 13.65 13.71 13.79 13.89 
July 13, 1945 17.16 16.73 16.25 15.71 15.12 
July 28, 1945 15.25 15.06 14.88 14.69 14.46 
AVERAGE 15.34 15.15 14.95 14.73 14.49 


The exposure of coal to air and to the varying conditions on the re- 
moisture that occurs in coal stripping spective watersheds. In general, how- 
yperations generally results in chemical ever, the analyses show that to make 
reactions that rapidly affect the char- most of these waters satisfactory as a 
acteristics of waters coming in contact source of public water supply, at least 
with the coal. The chemical analyses chemical treatment, to neutralize the 
of these waters show that, in general, acidity and to remove hardness-forming 
there is a sharp decrease in pH, indi- elements and compounds, would be re- 
cating the development of acidity, and quired. Many of the waters, although 
an increase in the sulfate, calcium, mag- subject to such treatment, would not be 
nesium, iron, manganese, aluminum, entirely satisfactory. The high sulfate 
total solids and other constituents. content generally present indicates that 

The chain of chemical reactions tak- they have a non-carbonate or permanent 
ing place in the waters in contact with hardness and further indicates that, fol- 
coal in a stripping operation indicates lowing softening, the waters would 
that the pyritic material in the coal have a high concentration of sodium 
undergoes chemical oxidation and that sulfate, which may impart cathartic 
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TABLE 
Chemical Analyses 


Location Weir 1 | Weir2 | Weir3 | Weir4 | Weir5 | Weir6 | Weir7 Weir 8 
Temporary Hardness (CaCOs) 
May 5, 1945 79.0 — —_ 24.0 5.0 40.0 — | 17.1 
July 13, 1945 104.3 | 39.3 | 13.7 15.4 102.6 131.7 42.8 616 
Permanent Hardness (CaCOs) | ’ 
May 5, 1945 362.0 — — 430.0 622.0 202.0 —_ 460.0 
July 13, 1945 747.3 814.0 834.5 581.4 938.8 167.6 396.7 743.8 
Free acid (H2SO«) 
May 5, 1945 _ 80.0 76.0 7.0 re. 
Total acid 
May 5, 1945 146.0 163.0 44.0 
P. Acidity (cold) 
July 28, 1945 8.0 11.0 56.0 6.0 7.0 5.0 9.0 5.0 
P. Acidity Total (hot) 
Acidity (M.R.) 
July 28, 1945 — 38.0 -- — | 
P. Alkalinity (CaCOs) 
M.O. Alkalinity (CaCOs) 
May 5, 1945 79.0 —_ _ 24.0 5.0 40.0 _- 17.1 
July 13, 1945 104.3 _ 39.3 13.7 15.4 102.6 131.7 61.6 
July 28, 1945 123.0 43.0 _ 30.0 146.0 102.0 45.0 71.0 
Total Dissolved Solids 
May 5, 1945 733.2 1499.4 1547.8 874.1 1387.5 319.0 757.8 | 988.1 
July 13, 1945 1198.4 | 1498.6 | 1657.8 | 1016.3 | 1922.9 | 312.9 — 1180.7 
- July 28, 1945 oo 1395.0 1669.0 1980.0 1308.0 2240.0 482.0 704.0 |} 1652.0 
Loss on Ignition 
‘July 28, 1945 259.0 | 205.0 | 256.0} 195.0 | 382.0} 73.0 | 114.0 | 2009 
_ Suspended Matter 
May 5, 1945 . 2.0 27.0 19.0 8.5 8.5 8.0 14.0 37.0 
July 13, 1945 : 6.5 2.0 31.0 16.0 2.0 2.5 6.2 38.5 
Calcium (Ca) 
May 5, 1945 ,'. 111.0 | 172.0} 190.0 97.0 | 156.0 | 67.0 90.0 | 1110 
‘July 13, 1945 = 248.5 | 235.0 | 207.0 | 160.2 | 258.5 89.2 | 131.0 | 2420 
: July 28, 1945 232.0 309.0 326.0 190.0 305.0 94.0 114.0 273.0 
Magnesium (Mg) 
May 5, 1945 38.4 47.4 51.6 51.0 58.8 17.8 30.0 43.5 
july 13, 1945 63.4 76.9 82.8 48.4 | 138.6 16.6 27.6 57.1 
uly 28, 1945 64.0 78.0 85.0 60.0 143.0 25.0 30.0 70.0 
Sulfates (SOx) 
: May 5, 1945 500.0 784.0 856.0 650.0 786.0 273.0 502.0 552.0 
July 13, 1945 734.0 820.0 817.0 701.0 995.0 170.2 406.0 758.0 
July 28, 1945 721.0 | 1017.0 | 1198.0 717.0 | 1232.0 233.0 378.0 911.0 
Chlorides (Cl) 
May 5, 1945 4.3 72 6.1 7.3 11.5 5.4 8.3 13.3 
July 13, 1945 5.2 po | 9.3 5.2 _ _— 8.3 114 
July 28, 1945 3.0 2.0 4.0 2.0 11.0 2.0 8.0 10.0 
Silica (SiOz) 
May 5, 1945 15.8 13.2 50.3 16.9 35 10.7 17.8 344 
July 13, 1945 37.2 84.6 150.6 o2.7 214.5 rm 12.6 35.4 
Tron (Fe) 
: May 5, 1945 4.1 214.0 248.0 a 85.0 3.3 27.4 76.0 
July 13, 1945 17.3 152.0 167.4 13.1 51.7 1.7 5.4 9.2 
July 28, 1945 0.6 1.2 10.0 0.8 1.6 0.5 4.4 7.2 
Manganese (Mn) 
July 13, 1945 0.02 — 3.6 2.8 -- _ 0.35 0.75 
July 28, 1945 2.2 4.4 16.0 12.0 44.0 1.4 4.8 16.0 
Aluminum (Al) 
Soda destroyed , 
July 13, 1945 564.0 584.0 588.0 528.0 586.0 140.0 378.0 562.0 
H 
. May 5, 1945 7.9 2.9 3.1 7.4 7.0 7.9 41 7.1 
July 13, 1945 7.8 7.3 6.3 7.1 7.1 6.0 re: 7.9 
July 28, 1945 7.5 7.0 4.2 7.2 72 7.6 72 7.2 
Organic Matter 
: May 5, 1945 12.0 11.2 14.4 9.6 24.8 40.8 20.8 22.4 
July 13, 1945 14.4 13.6 24.0 12.8 52.8 13.6 12.0 31.2 
Soap Hardness 
May 5, 1945 : 7 430.0 606.0 670.0 442.0 616.0 240.0 340.0 460.0 
July 13, 1945 851.6 853.3 848.2 598.5 1041.4 299.3 439.5 805.4 
July 28, 1945 800.0 | 1140.0 | 1100.0 860.0 1580.0 332.0 360.0 970.0 
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weir? | | | Weir 16 | Weir p | Loc.g | Loc. h 
123.0 | 80.0 81.0 on 
| || 880.7 || 100.0 | 37.6 762.7 : 
so | 58.0 | 1110.0 4.0 = 8.0 3.0 ~ 
71.0 hal 47.0 ~ 93.0 19.0 | 124.0 145.0 
88.1 1149.0 734.4 892.8 = 1014.4 | 257.0 601.3 | 1090.1 | 802.5 
80.7 772.3 983.1 | 3733.1 284.5 | 243.5 — | 1380.7 
52.0 J | 1050.0 | 1180.0 | 3521.0 326.0 | 375.0 — | 1554.0 | 943.0 j 
090 | 129.0 186.0 744.0 46.0 69.0 on 157.0 | 145.0 x 
370 | 30.0 24.0 104.0 46.0 15.0 6.0 6.0 
335 23.5 46.0 11:0 13.0 10.0 
11.0 § | 83.6 73.0 91.5 | 109.0 68.0 128.5 240.0 75.6 _ 
42.0 | 148.0 | 213.8 108.3 73.4 | 59.2 253.0 | — 
73.0 149.0 190.0 259.0 51.0 70.0 a 302.0 | 133.0 
asf | 54.0 37.4 15.4 | 164 | 55.5 23.0 48.0 30.0 : 
71 | 28.1 48.8 15.3 | 112.4 15.9 61.1 
70.0 | 35.0 54.0 127.0 65.0 15.0 63.0 51.0 
52.0 | 725.0 456.0 612.0 790.0 706.0 549.0 | 517.0 
58.0 538.0 647.0 | 2910.0 789.0 144.0 750.0 
11.0 570.0 656.0 | 2192.0 783.0 172.0 845.0 | 561.0 ‘ a 
13.3 6.7 3.0 20.6 = 22.1 16.0 q 
114 5.2 8.3 4.1 
10.0 2.0 10.0 4.0 3.0 3.0 
34.4 30.6 17.9 20.6 8.7 22.1 16.0 = - af 
35.4 15.9 39.6 6.9 124.3 — 
160 | 55.6 31 | 112.0 4.9 101.0 | 45.6 i 
| 305 3.9 1:5 27.8 — 
728 | 68 1.0 0.1 1.6 0.2 
16.0 18.0 2.8 1.6 = _ 0.2 9.2 oy 
52.0 504.0 594.0 116.0 56.0 — — 
7 | 4 4.3 2.7 8.3 8.3 8.1 4.1 
79 3.5 6.0 6.3 15.2 _ 124.3 
33 7.2 7.0 7.6 1.7 4.6 
22.4 32.0 13.6 19.2 26.4 12.8 14.4 11.2 1 
31.2 8.0 16.0 26.4 32.8 51.2 
50.0 430.0 282.0 3 340.0 | 210.0 393.0 770.0 | 307.0 .- 
48 495.9 897.8 | 7 207.7 | 188.1 851.6 
10.0 500.0 420.0 | 910.0 | 9 192.0 | 228.0 _ 1040.0 | 630.0 : : 
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properties to the waters and which will 
make them less suitable for boiler and 
other industrial uses. These facts indi- 
cate that the sulfate content is of great 
importance in determining the suitabil- 
ity of water for use a source of 
public supply. 

Thus, it was found that the sulfate 
content was a direct result of coal 
stripping operations; represented a 
stable constituent of the water not sub- 
ject to many changes in concentration, 
particularly on the watershed under 
study; was an objectionable chemical 
characteristic in a water used as a 
source of public supply; and had fre- 


as 


TABLE 
rcentage Pollution Attributable to { Operations 
(Based on pee Readings ) 


H. SNYDER Jour. AWW4 
lution varied with different bases. The 
normal unpolluted water in these 


streams has a sulfate content which 
obviously will vary, but which appears 
to average in the range of the base of 
30 to 50 ppm. The base figures used 
were subtracted from the sulfate cop. 
tent of each polluted water and mult. 
plied by the rate of flow of the stream, 
to obtain a relative quantity of sulfate 
increase. The total increase for the 
two groups and the respective per. 
centages of pollution were then com. 
puted. The results of these computa- 
tions were shown in separate tables jn 
the original report. A summary of the 


Date Base 50 Base 100 Base 150 Base 200 Base 250 

May 5, 1945 15.16 13.65 14.56 14.10 13.45 

July 13, 1945 14.71 16.73 13.62 12.97 12.25 

July 28, 1945 17 15.06 16.25 15.71 15.09 

AVERAGE 15.67 15.27 14.81 14.26 13.60 
quently been used as a measure of _ findings, showing the proportion of sul- 


pollution, 

These findings made it appear that 
emphasis should be placed on the sul- 
fate content of the water, and that that 
content should serve as a satisfactory 
index of pollution for the purposes 
involved. 

The determination of the 
pollution being contributed 
the respective stripping 
of Company A and others was based 
therefore on the total increase sul- 
fate content in the polluted waters as 
compared to the normal waters. The 
normal sulfate content of the streams 
prior to stripping was assumed for com- 
putation purposes to be 50, 100, 150, 
200 and 250 ppm., respectively. ‘These 
hases were assumed to determine 
whether the relative percentages of pol- 


quantity of 
as a result 


of operations 


of 


fate increase due to the activity of 
Company A, is given in Table 2 
These computations were based on 


the readings taken at the individual 
weirs located above Weir 10 and a 


the other weirs listed. The computa 
tions given in Table 3 are based on the 
use of the composite readings taken a 
Weir 10, adjusting the quantities i 
proportion to the percentage contributed 
above Weir 10 by Company A anf 
others. These latter findings are be 
lieved more accurate, making the reat: 
for flows above Weir 10 mor 
comparable with those of Weirs 11 and 
14. where composite wert 
taken. 

The study to determine the relative 
quantities of pollution being contributei 
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1 these streams by Company A and 
by others, respectively, indicates that 
consideration might be given to pollu- 
tion that was not being contributed at 
certain times and, therefore, not readily 
wailable for measurement at the time 
the data were collected. There are, no 
doubt, certain areas on the downhill 
side of the spoil banks that drain di- 
rectly toward points that are not in- 
duded as sites where the flow of water 
was measured and samples collected. 
The effect of pollution from these areas 
would be present primarily only during 
rainfall, since there is no visual evi- 
dence of flow at other times. In view 
of these conditions, it is doubtful 
whether the total pollution based on a 
year’s study throughout all seasons 
would be a very significant part of the 
total pollution load. The use of com- 
posite readings at Weir 10, however, 
diminates to a large extent any possible 
errors introduced by using the tribu- 
tary weir readings for this particular 
drainage area. To allow for any mis- 
cellaneous pollution entering Reservoir 
No. 1 direct or at point below Weir 10, 
the final percentage of pollution con- 
tributed by Company A was increased 
by 0.5 per cent. 
ere’ 
Other Methods of Study ' 

The relative quantities of pollution 
contributed by each of the companies 
might be determined by other methods 
and could possibly be based on the com- 
parative areas disturbed or on the com- 


‘parative tons of coal mined, or on any 
‘feoombination of all the data gathered. 


The total areas disturbed by each of 


lative 


4. 


[the respective operators as determined 


by the Company A are as shown in Ta- 
It is difficult to assign a value 
tothe acreage disturbed and to correlate 
his value with the actual quantity of 
pollution being contributed. The effect 
i the respective areas may be subject 
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to the method of distribution or replace- 
ment of the spoil material, the slope of 
the areas, the watershed area above the 
disturbed areas and such other factors. 

It is possible that some consideration 
should be given to the actual tonnage 
of coal mined by the respective opera- 
tors rather than to the acreage dis- 
turbed, allowing for the fact that the 
actual measurement of pollution should 
reflect any variations due to differences 
in handling of spoil material. There 
do not appear to be any accurate data 
available, however, to indicate the exact 
quantities of coal removed by each of 


TABLE 4 

Total Area Disturbed by Stripping Operations 

Area Watershed 
Company | | 

Stripping Area 

acres acres acres 
A * 77 58 135 
| 191 145 336 
89 64 153 
D (old) 4 0 4 
E (old) 88 83 171° 

TOTAL 449 350 799 


the operators, the exact area stripped, 
the area of the face of coal exposed and 
such other facts. In view of these 
conditions, no reliable value can be as- 
signed to any factor other than the 
actual quantity of pollution being added 
to these streams as determined by the 
study. Further, it is doubtful whether 
the use of other intangible factors can 
be made compatible with the pollution 
index, in reaching a conclusion about 
the percentages of pollution being con- 
tributed by specific individual opera- 
tions. 

The data obtained at each set of read- 
ings were tabulated in the appendix of 
the report for the dates May 5, July-13 
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and July 28, the tables being given the 
foliowing titles : 
1. Measurement of Stream Flow 


2. Chemical Analyses of Waters 
3. Relative Proportion of Sulfate 


Increase 

4. Summary of Hardnesses ye 


In addition, the summary of the find- 
ings was tabulated under the heading 
“Summary—Proportion of Sulfate In- 
crease.” 

Summary of Study 

The following summary was included 
in this study: 

1. The waters of St. Patrick’s Run and 
its tributaries flowing into’ reservoirs 
designated No. 1 and 2, owned by the 
West Penn Water Co., and serving as a 
source of public water supply, are seri- 
ously polluted due to coal stripping opera- 
tions by |Company A] and others on the 
watershed of these streams. 

2. The most suitable index of pollution 
appears to be the sulfate content of the 
waters. 

3. The sulfate content of normal, un- 
polluted streams in this area appears to 
be approximately 30 to 50 ppm. 

4. |Company A| is responsible for ap- 
proximately 16.2 per cent of the total pol- 
lution added to the affected streams dur- 
ing the period between May 5, 1945, and 
July 28, 1945, based on the sulfate content 
of the polluted waters as compared to the 
sulfate content of normal waters in this 


area. 


The nature of this particular problem 
and the approach to its solution are of 
interest to the water works profession. 
The results of coal stripping, in gen- 
eral, are of interest to everyone, and 
certainly indicate the need for a new 
policy of conservation. The cases dis- 
cussed in this presentation indicate fur- 
ther the need for a more thorough and 
intelligent analysis of the problem by 
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the courts. Their attitude in some of 
these cases has been very difficult ty 
interpret. 

The West Penn Water Co. case em. 
phasizes strongly the need for greater 
control over the use of watersheds sery. 
ing as a source of water supply, particy. 
larly where impounding reservoirs exis 
on relatively small drainage areas. The 
State Department of Health or othe 
qualified governmental agencies should 
have greater power to control such uses 


Manager, Municipal Authority of the 


Borough of Minersville, Pa. 


As has been pointed out in the pre. 
vious discussions, the problem of pollu 
tion of Pennsylvania’s public water Sup- 
plies by coal strip-mining operations 
has become more and more serious with 
the years. The Minersville water util 
ity had its first experience with the 
menace twenty years ago and now faces 


a second threat. ea 
Initial Experience 


In 1927, on the utility’s Cass Town 
ship watershed, some three miles north 
of its reservoir, a coal mining grow 
began stripping operations under the 
authorization of the private owner @ 
the land. Although the utility held ¢ 
lease on the properties which consti 
tuted the sites of the dam and reser} 
voir there, it could do nothing to pre 
vent mining in other portions of th 
watershed. Neither was it in a pos} 
tion to purchase the land at the pro 
hibitive price asked by the owner, a: 
though it had for years been attempti 
to arrange such a purchase. 

For the first seven years of the mim 
ing development, the utility was fort 
nate, experiencing no real difficult 
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tions. Following a heavy rainfall in 
March and April 1934, however, the 
luck ran out. When the mine operators 
found it necessary to drain their ditch 
19 continue operations, they pumped the 
standing water from the base of the 
sripping directly into the utility’s main 
apply on Dyer’s Run. Thus, without 
warning, the problem was acute. 

The situation was immediately called 
to the attention of the local officials and 
the State Dept. of Health, but no aid 
was forthcoming because of the lack of 
kgislative provision. Turning to the 
courts for relief, the utility was even- 
tually successful in obtaining an injunc- 
tion ‘against the specific abuse through 
the Schuylkill County Sheriff, but be- 
fore the court could hear the case, the 
mine operators entered bankruptcy pro- 
ceedings and the utility was left to solve 
the problem itself and to pay the costs 
of the solution. Fortunately for the 
utility and its customers the expendi- 
tures necessary were not enough to 
make the supply uneconomical, but the 
cost of eliminating the sulfuric acid 
radical polluting the supply has aver- 
aged approximately $1,400 per year. 


Present Problem 

During the spring of 1947, a new 
threat appeared when another group of 
mine operators, in compliance with re- 
cent legislation, made application to the 
State Sanitary Water Board for per- 


mission to engage in strip mining opera- 
tions in the area. Although the board 
heard testimony at two separate hear- 


ings, in March and April, no decision 


had been rendered by early June, pri- 
marily because the board did not reach 
its full complement of personnel until 
the latter part of May. 

Upon the basis of the testimony 
given, however, it appears that the pri- 
mary threat to the utility will not be 
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one of pollution but of diversion of its 
supply. In presenting the application, 
the mine operators indicated that they 
planned to protect the utility’s supply 
by construction of a flume to carry the 
stripping drainage downstream beyond 
the reservoir which is the source of 
water supply. Early estimates of the 
diversion involved indicate that it will 
amount to 15 per cent of the daily sup- 
ply taken from the stream. Since the 
utility’s two other sources cannot sup- 
ply the community's daily needs, the 
threatened diversion of even a portion 
of its main supply presents a serious 
problem. 


Underlying Factors 


Two basic difficulties underlie the 
utility’s inability to cope with the prob- 
lem of preventing the misuse of its 
watershed : 

1. Both under the ownership of the 
Minersville Water Co. and, since 1942, 
under the Municipal Authority of the 
Borough of Minersville, the utility has 
been unsuccessful in its attempts to 
purchase the watershed land. In the 
early history of the supply, this en- 
deavor was hindered by inadequate 
funds. And now, under the municipal 
authority, purchase has been prevented 
by the prohibitive property valuations 
set by the landowners. Although the 
land has been valued for tax purposes 
at the $5 per acre barren land rate, 
owners have asked highly inflated 
prices in negotiations with the authority. 

2. Although the state administration, 
with much fanfare, has embarked on an 
ambitious program of forcing industry 
and the municipalities to treat wastes 
and sewage in an effort to control pol- 
lution, little, if any, effective legislation 
has been enacted to prevent such abuses 
as are characteristic of strip-mining 


operations, 
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A paper presented on June 12, 1947, at the Western Pennsylvania 
Section Meeting, Pittsburgh, Pa., by John T. Campbell, Partner, The 


Chester Engineers, Pittsburgh. 


HE West Penn Water Co., which 

serves the communities of Bur- 
gettstown and McDonald, Pa., the 
Pennsylvania Railroad, the Pittsburgh 
Coal Co. and the Montour Railroad, 
recently developed a new source of 
supply to replace one which had _ be- 
come useless as a result of pollution 
from strip mining operations in the 
area. The story of the new develop- 
ment is an interesting one not only 
from the point of view of engineering 
details, but because its financing in- 
volved a lawsuit and subsequent cash 
settlement which went a long way to- 
ward paying for the construction in- 


volved. 
Abandoned Supply 


Prior to development of the present 
Cherry Valley supply, the company 
secured its raw water from St. Patrick 
Run at a point approximately 4 miles 
northeast of Burgettstown and 7 miles 
northwest of McDonald. Two dams 
were located on this stream, each im- 
pounding approximately 90 mil.gal. 
Below the lower dam was located a 
filter plant, consisting of four 0.5-mgd. 
rapid sand filters, a settling basin and 
chemical feeding equipment, and, ad- 
jacent to the plant, a pumping station 
containing four units. Pumping equip- 
ment included: a wash water pump for 
the filters; one 350-gpm. motor driven 
centrifugal pump, which pumped to the 


New West Penn Water Co. Supply 
By John T. Campbell 


standpipe at Burgettstown through , 
12-in. cast-iron force main; and two 
other motor driven centrifugal pumps, 
of 700- and 600-gpm. capacity te. 
spectively, both of which pumped 
the McDonald standpipe through 
10-in. cast-iron force main. 

The watershed above the lower dap 
on St. Patrick Run was 44 sq. miles jz 
area; and, until intensive strip mining 
operations began, it furnished a good 
potable water supply with a hardnes 
of less than 100 ppm. In the period 
between 1942-and 1944, during which 
strip mining operations were intens- 
fied, however, the raw water became 
progressively poorer in quality, with 
hardness increasing from 100 to 6 
ppm. and free acid to more than 10) 
ppm. At the same time, iron an 
manganese content reached the 5 
ppm. level. 


a 


Remedial Action 


When the unfavorable characteristic 
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of the raw water reached a point wher 
it became impossible to furnish a satis 
factory supply either to the industn 
or to the domestic and commercs 
consumers involved, the company too 
two steps toward solution of the pro 
lem. It brought suit against the ¢ 
companies involved, seeking a cow 
injunction against strip mining oper 
tions in the area. At the same tin 
it placed an order for a Spaulding pr 
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cipitator., through the use of which it 
was hoped to provide a usable supply. 

It was the legal action which brought 
the first results. Upon completion of 
the company’s testimony, the court ad- 
vised the defendant mining interests 
to arrange a prompt out-of-court set- 
‘lement or face a permanent injunction 
against their operations. Through the 
resulting negotiations, the West Penn 
Water Co. received approximately 
$500,000 for construction of a new 
supply in a different location. a 


Development of New Watershed _ 


Following the settlement, the com- 
pany engineers made an investigation 
of the entire area to find a stream 
which had not been polluted by the 
coal mine stripping. Finally, at the 
headwaters of Raccoon Creek, near the 
town of Cherry Valley, approximately 
4} miles southeast of Burgettstown and 
5 miles southwest of McDonald, a suit- 
able raw water was located. The 
watershed, of approximately 6} sq. 
miles, was primarily used for grazing, 
with only a small portion being 
ploughed for farming. Although that 
area too was underlaid with coal, as 
is the entire valley, the lode was too 
deep for stripping—about 160 ft. from 
the surface—and shaft mining would 
not affect the surface supply. 

To make available an adequate sup- 
ply at the site, the engineers designed 
adam of approximately 200-mil.gal. 
capacity, sufficient to impound seven 
months’ supply. Now completed, the 
structure is approximately 30 ft. high, 
with a 3:1 slope on the water side 
and a 2}: 1 slope on the downstream 
side. The water side is paved from the 
top two-thirds of the way down with 
concrete block, cemented in place. Ap- 
proximately two-thirds of the dam is 
Class A enbankment, containing clay 


and sand, and the other third, Class B 7 iY 


embankment. 
Two 24-in. pipes run under the dam, 


controlled from a gatehouse located on 
the upstream side of the dam, and are— 


carried to the full height of the struc- 
ture. 
sluice gates with stands. Both 24-in. 
pipes can be used as blow-offs, a valved 


connection being made to one of them — 
to carry water to the adjacent filtra- | 


tion plant. 
In constructing the foundations of 


the dam itself, a deep cut-off wall was 


required to seal off the underlying 

shale. 
concrete and keyed into the clay puddle 
which forms the base of the dam. 


Treatment and Pumping Equipment 


Both treatment and pumping equip 
ment is housed in a single building 
adjacent to the dam. The prefiltra- 
tion equipment is to include both the 
precipitator, originally purchased for 
the old plant, and a settling basin, 
which in combination will provide four- 
hour detention. Since the settling 
basin has not yet been completed, wa- 
ter is now being fed directly from the 
precipitator to the filters, thus permit- 
ting immediate use of the new water 
supply. 

The four 0.5-mgd. filters have sand 
areas of 175 sq.ft. each, using graded 
gravel overlaid with Anthrafilt of 0.40— 
0.45 mm. effective size as media. The 
underdrain system consists of Leopold 
duplex filter bottoms. All filters are 
operated by means of hydraulic valves 
controlled from operating tables on the 
filter floor. Palmer agitators are in- 
stalled in each filter to assist in back- 
washing the media, and wash water is 
supplied by a 1,500-gpm. wash water 
pump located in the pumping station, 
which is on the same level as the filter 


This wall was constructed of 


Entrance water is controlled by 
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The 


gallery. remaining pumping 
equipment at the present time consists 
of two high-service pumps, one of 1,- 
200-gpm., the other of 500-gpm ca- 
pacity. 

Chemical storage and dry feed ap- 
paratus are located on the floor above 
the filter gallery and pumping station, 
and chemicals are fed from that level 
to the mixing chambers of the precipi- 
tator below. 


JOHN T. CAMPBELL a Jour. AWWa 


The supply is now pumped through 
a new 16-in. line to McDonald where 
it is connected to the old system mains, 
Burgettstown being supplied from the 
McDonald area through the old force 
main. 

Although not yet completed, the 
plant is in full-scale operation and jg 
providing a satisfactory supply to both 
the industrial and the domestic and 
commercial customers of the company 
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A paper presente mele on 
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S the commodity which the public 
A water supply industry distributes 
is, in its natural state, corrosive to the 
metallic equipment and _ installations 
ysed to produce and transport it, it is 
necessary either to reduce the corrosiv- 
ity of the product or to protect the 
equipment against it. 

It may be termed an anomaly that 
the conditions under which water sup- 
ply is delivered are predominantly in- 
fluenced by the use to which only a 
minor fraction of the productign is put. 
The 0.5 gpd. which each consumer may 
drink or use in his food governs to a 
major extent the methods used to pro- 
duce the supply and to bring it to that 
consumer in a state of safety. 

Added to safety is the requirement 
that the taste and odor of the product 
be inoffensive to the person who drinks 
i Many a water works executive is 
plagued by his customers’ dim recol- 
lections of springs or wells from which 
they drank in their childhood. They 
remember a sort of sparkle in the water, 
and they also remember the zest with 
which they drank from that spring or 
well on a summer’s day. What they 
do not remember (if they ever knew 
it) is that the water was probably not 
safe, and that it would not have com- 
plied with the standards which are to- 
day imposed - and voluntarily ac- 
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- Costs of Corrosion to the Water Industry 


Apr. 8, 1947, at the Water  ledesies Symposium 
Association of Corrosion Engineers, 
American 


Chicago, by 


Water Works Association, 


cepted by the water supply industry. 
What they also evidently do not know 
is that, if the well or spring water had 
a sparkle, it was a corrosive water. 
Likewise, they are probably not aware 
that the water, if transported through 
miles of conduits and mains, would not 
keep that sparkle: either the sparkle 
would be changed to a corrosion prod- 
uct in the mains or it would be removed 
or effectively reduced by the water pur- 
veyor before he distributed it. 

It would be possible to reduce the 
corrosivity of water to a greater de- 
gree than is currently practiced if the 
consumer’s daily half gallon did not 
have to be mixed up with the balance of 
the 133 gpd. which public water works 
produce for all uses to which their cus- 
tomers may put them. In other words, 
corrosion control methods cannot be 
used in producing water supplies if they 
make the water unsafe for human con- 
sumption or if they give the water a 
taste or odor which the consumer will 
not consider acceptable. 


Size of Industry 


In 1940, there were approximately 
81,500,000 persons in the United States 
who were served by public water sup- 
plies. The normal rate of urban growth 
adds 500,000 persons per year to this 


figure, so that it may be assumed that 
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there are now at least 85,000,000 per- 
sons in the country using public water 
service. 

The industry has invested more than 
$5,000,000,000 in this service, and col- 
lects more than $500,000,000 annually 
in compensation. Approximately 300 
tons of metal are required over a period 
of years for the service of each thousand 
persons connected to the water system. 
For the long-term maintenance and re- 
pair needs of the water utility, nearly 5 
tons of metal are required annually per 
1,000 persons served. For the pro- 
duction, purification and pumping of 
the supply, less than 10 per cent of the 
installed metal is required. The more 
than 90 per cent remaining is required 
to transport the water from the works 
to the customers. This, incidentally, 
involves delivery facilities only to the 
property of the customer, not the piping 
installations in factories, office buildings 
and residences, which will not be dis- 
cussed here. The cost of the distribu- 
tion system of the average water works 
amounted to $40 per capita, or two- 
thirds of the $60 average pre-war in- 
vestment in the United States. 

Although the use of steel and as- 
hestos-cement as water distribution sys- 
tem materials is increasing, the great 
bulk of water distribution systems in 
the country today consists of cast-iron 
pipe and cast-iron accessories. In the 
closing quarter of the last century, a 
substantial amount of ferrous metal 
other than cast iron was used in con- 
structing distribution systems, but these 
materials were not of the high quality 
now produced, and their protective 
coatings were insufficient to block off 
the attack of the water upon the metal. 
Consequently many miles of mains so 
seriously failed in service as to require 
replacement. It is reliably estimated 
that there had been installed, by 1940, 


more than 24,000,000 tons of cast-iroy 
pipe, valves, hydrants and fittings jp 
U.S. water systems. It is this mass of 
cast iron with which this discussion wil} 
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deal. 


Corrosion of Pipe 


The pipe in this assembly has tra. 
ditionally been coated with what ix 
called a “coal-tar pipe dip.” — This 
material is of uncertain composition, has 
not been reliably standardized, and the 
present-day product appears to have 
less protective value than the material 
used fifty or more years ago. It pro- 
vides a type of protection for the out. 
side of the pipe which has been reason.- 
ably adequate in normal soils, but it af. 
fords only secondary protection as an 
internal coating. As a result, the costs 
of water main corrosion have been very 
substantial. 

These costs are not high because cor. 
rosion perforates or destroys a great 
proportion of pipe. More than 90 per 
cent of the cast-iron originally installed 
in the United States is still in service. 
But its capacity to transport water has 
decreased. The most costly effect of 
corrosion is precisely this reduetion of 
hydraulic capacity caused by the tuber- 
culation of the inside of the pipe. The 
resulting roughness of the pipe and the 
smaller effective area of its channel re. 
tards the flow of water and causes a loss 
of carrying capacity. 

In midwestern waters this loss has 
been evaluated, by Edgar K. Wilson o/ 
the Pitometer Co. (1), at about 1 per 
cent per year. Louis R. Howson com 
puted this loss at “50¢ per capita per 
year, or nearly 10 per cent of the gross 
revenues of the average water utility” 
(a). 2 simple projection of this per 
capita loss would yield an amount 6! 
more than $40,000,000 per year as the 
annual sum charged to corrosion @ 
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OF 
water mains in the United States to- 
day. The true total is somewhat less 
than this, although there does not ap- 

ar a reasonable basis for fixing a 
definite dollar amount. Whatever the 
total may be, it is a significant charge 
against water users, and merits such 
improvement of practices as will 
duce it. 


“sabe 


Restoring Capacity 


The first corrective step is cleaning 
the pipe. Many miles of pipe which 
have been in service 50 years and more 
are today incapable of delivering the 
amount of water which the customers 
wish to use, unless at a substantially 
increased cost for pumping. The 1935 
report on Pipe Line Friction Coeffi- 
cients (3) made by the N.E.W.W.A. 
Committee under Elson Killam’s leader- 
ship concludes that : 


1. Cleaning will ordinarily restore the 
main to approximately 85 per cent of its 
original capacity. 

2. The effectiveness of restoring ca- 
pacity depends primarily upon the orig- 
inal cause of capacity loss, i.e., whether 
it was due to tuberculation, incrustation, 
mud or slime. Tests indicate that restora- 
tion is more effective in tuberculated 
mains than mains choked by incrustation 
or lime deposits. 

The degree of restoration depends also 
upon the thoroughness with which clean- 
ing is performed and the extent to which 
tuberculation has been allowed to pro- 
gress. There are indications that mains 
with unusually low coefficients before 
cleaning—e.g., where C equals 20 to 30 
—are never restored to as high capacity 
as mains that are in better condition. 

3. The relatively high capacity ob- 
served immediately after cleaning may 
be lost rapidly, particularly in small 
mains. Rate of capacity loss depends on 
the cause of loss and the relative activity 
of the water. The rate will ordinarily be 
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quite steep in comparison with the orig- 
inal trend. 

4. Cleaning is an important prelim- 
inary step to more permanent methods of 
restoring and maintaining capacity. 
Among these methods are the introduc- 
tion of corrective treatment and the lining 
of mains in place. 


Howson has shown that the prewar 
cost of main cleaning was approxi- 
mately 5 5 per cent of the cost of the =f N 
installed pipe. This comparative cost 
of cleaning old mains has probably been 
reduced by postwar price levels both 
for labor and materials. Ys 

The methods used to clean water 
mains need not be described in detail. 
Several companies are prepared to re- 
move the tuberculation or sludge de- 
posits from pipelines by the use of 
water-propelled or cable-drawn scrap- 
ers. The cost of the operation is, as 
stated, only about one-twentieth of the — 
cost of a new line of equal diameter. — 
But this restored capacity cannot, in — 
general, be maintained unless the pipe 
is also relined. 

Small diameter pipelines—4, 6,8 and 
12 in. or more—can be relined in place — 
with cement, by the Tate process, or — 
with a bituminous material, by the— 
Eric process. Although the Eric proc- 
ess has been used in England fox several — 
years, there has as yet been no appli- 
cation of it to municipal water lines in — 
the United States.* Pipelines 24 in. 
and larger can be relined by several 


* The application of this process is now 
being promoted in the United States. It in- : 
volves cleaning the interior the pipe and 
filling the section with a water emulsion of | 
bitumen. Current is applied to an electrode — 
which is drawn slowly through the emulsion- 
filled main. The bitumen is deposited on the 


pipe wall in a coating which becomes firmer 
against 
coating 


corrosion. 
cannot 


and protects the metal 
The life expectancy of the 


now be estimated. 
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methods, utilizing the application of 
either cement or coal-tar enamel. 
Large lines have been successfully re- 
lined with modern coal-tar enamel 
coatings, the early efficiency of which 
gives promise of long life with high 
hydraulic capacity. 

Analysis of a number of water sys- 
tems in terms of “length of pipe of vari- 
ous diameters installed” discloses that 
approximately 85 per cent of the pre- 
viously installed pipe in United States 
water systems has a diameter of from 
4 to 12 in.; and only about 10 per cent 
of the total length of installed pipe is 
24 in. and over. In terms of installed 
tonnage, the smaller diameter pipe con- 
stitutes over 50 per cent of the total; 
the larger diameter pipe, 40 per cent. 

At present, no method of relining in 
place for pipes 18 to 20 in. in diameter 
is known to the author. This middle 
ground amounts, in terms of length, to 

less than 5 per cent, and, in terms of 
weight, to less than 10 per cent, of the 
total installed. 

Relining small lines in place with 
cement consists of isolating sections 
from service, serving customers through 
specially laid temporary lines, cleaning 
the inside of the pipe by use of the 
conventional scraper type equipment, 

and then drawing a cement mixture 
into place by use of a special mandril. 
The procedure requires intelligent plan- 
ning and patience. The result is a ce- 
-ment-lined pipe which is subject to 
little corrosion and tuberculation, and 
_ with a carrying capacity which remains 
7 at a high level for a long period. 


Costs of Relining 
: Prewar costs for cleaning and relin- 
ing 4-, 6-, and 8-in. lines in busy streets 
of small cities at first amounted to 
slightly more than $1.30 per ft. of pipe. 
— Two-thirds of this cost was for the ac- 
tual cleaning and relining, and one-third 
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for service line disconnection, trench- 
ing, paving and by-pass installation, 
With more experience, and under more 
favorable traffic conditions, the total 
costs of relining dropped to $1.00 per 
ft. and less under prewar conditions. 
This is substantially less (one-half, 
more or less, depending upon condi- 
tions) than the cost of installing new 
lines, and also conserves metal al- 
ready installed. Some sample 1947 
costs at San Diego, Calif., are $2.64 per 
ft. for 10-in. pipe and $2.74 per ft. for 
12-in. pipe. 

The cleaning and relining of larger 
lines—24 in. and over—likewise has 
been found fully effective and economi- 
cal. Costs vary with the diameter of 
the pipe and the conditions under which 
the work has to be done. In lines of 
large diameter, however, a cleaning and 
relining project is bound to be in sharp 
competition with the cost of a new in- 
stallation. It is safe to say that no 
large diameter line is relined when the 
cost is not substantially less than the 
cost of a new line in place. The losses 
in flow capacity, the costs of pumping 
due to tuberculation and the economics 
of cleaning and relining at least 95 per 
cent of the length of pipe installed in 
American water systems are so evi- 
dent that it is difficult to accept the 
deliberation with which the corrective 
measures are being applied. 3 


Installing Protected Pipe 


In recent years, the cast-iron pipe 
industry has developed and promoted 
the installation of cement-lined pipe. 
About 40 per cent of the cast-iron pipe 
sold today for water works use is 
cement lined. Thomas F. Wolfe of 
the Cast Iron Pipe Research Assn. has 
shown that, in areas where half the 
hydraulic capacity of coal-tar dip-lined 
pipe had been lost after 10 years of 
service, the capacity of cement-lined 
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pipe remained unimpaired after 15 
years of service. In an interesting 
tabulation of the relative costs of a 30- 
in. cement-lined pipe and a 36-in. tar- 
dipped pipe, he shows that the service 
rendered by the smaller diameter ce- 
ment-lined pipe will, over a 45-year 
period, be superior to the service ren- 
dered by the larger coal-tar dipped 
line, and the cumulative cost of pump- 
ing an equivalent amount of water will 
be less in the smaller cement-lined pipe 
than in the larger tar-dip-lined pipe 
(4). The reluctance with which many 
water works engineers accept the 10 
per cent or more additional cost of 
purchasing a water main which is ade- 
quately lined with modern coal-tar 
enamel or cement cannot be justified. 
Modern labor conditions reduce the 
cost of the small diameter pipe itself 
to the lesser element in the total cost 
of installation. In addition, if the en- 
gineer takes into consideration the per- 
formance of the pipeline throughout 
its useful life and its capacity, year 
after year, to deliver water under satis- 
factory conditions of service and costs 
of power, the case for the adequately 
protected metal is very convincing. 

It has been shown that the principal 
component of the water system, the 
distribution mains, suffers a capacity 
loss due to corrosion amounting to 
approximately 50¢ per person served 
per year. It has been shown that the 
major portion of water mains already 
installed can be cleaned and _ relined 
economically and their improved hy- 
draulic capacity maintained for many 
years. It has been shown that the cast- 
iron pipe industry is prepared to fur- 
nish its product with a lining that will 
maintain capacity satisfactorily. Steel 


pipes with the modern coal-tar enamel 
or concrete linings likewise appear ca- 
pable of long service with little loss of 
capacity. 


There is little evidence of 
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capacity loss due to corrosion in as- 
bestos-cement pipe, and this pipe also 
promises a satisfactory service life. 


Reducing Corrosivity 


Assuming that the materials have 
been properly coated or lined, what of 
reducing the tendency of the water to 
corrode those materials with which it 
still comes in contact? 

In the earlier days of water treat- 
ment, when the intention was to clarify 
the water and make it safe to drink, 
the methods and materials used tended 
to increase the corrosivity of the prod- 
uct. In 1940, a survey made by the 
U.S. Public Health Service (5) re- 
corded a total of 5,372 treatment plants 
serving 74,308,000 persons. The treat- 


TABLE 1 
Plants Using Corrosion Control Methods a 
No. of 
Treatment Plants 

Iron and manganese removal 456 

Softening 258 
Combination of both 138 
Other methods 73 , 

TOTAL 925 


ment processes listed included not alone 
rapid or slow filtration, but softening, — 
iron and managanese removal, corro- _ 
sion control and simple chlorination. — 
Out of the total number of treatment 
methods then in service, the plants us- — 
ing the procedures listed in Table 1 | 
may be presumed to reduce or to be 
able to reduce the corrosivity of the 
water. 
adjustments in treatment methods 
based upon present knowledge, deliver 
water of adequately reduced corrosive-- 
ness. The fact that in 1940 less than — 
20 per cent of the treatment plants in- 
the country applied processes definitely | 
intended to reduce the corrosive char- 
acter of the supply indicated that, just 
as the exposure of so much pipe metal 
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to the corrosive effect of water has yet 
to be reduced, so there are many water 
systems which have still to apply cor- 
rosivity-reducing treatment to the wa- 
ter itself. 

Since the work of Langelier (6) on 
equilibrium conditions in water, the 
fundamentals of corrosion control have 
been increasingly revealed. Reduction 
of carbon dioxide and adjustment of 
pH by addition of lime induce corro- 
sivity reduction, and the cost is not 
excessive. In recent years, the use of 
the glassy phosphates has been widely 
studied. Application of amounts up to 
2.0 ppm. appears to serve as a mecha- 
nism to control the corrosive tenden- 
cies in many waters. The net cost of 
such treatment should not exceed $2.00 
per mil.gai.—not a serious addition to 
the cost of producing a water supply. 
In addition, the treatment represents a 
substantial contribution to the reduc- 
tion of the over-all cost of water supply 
operation and maintenance, if the sav- 
ing brought about by the increased 
useful life of water mains at their orig- 
inal capacity is considered. 

It appears safe to assume that the 
industry is at the threshold of a new 
era in controlling the losses which cor- 
rosion inflicts upon it. The impaired 
capacity-to-deliver of many miles of 
water mains which are in service today 
can be restored by cleaning. After 
cleaning, most of this pipe can be re- 
lined in place so that its hydraulic 
capacity will remain at a high level. 


‘iron with concrete lining, of steel with 
~ coal-tar enamel lining, or of asbestos- 
cement—each under the conditions 
- where it is best fitted for use—but all 
_ protected against loss of capacity due 
to corrosion. 

Finally, the industry is on the verge 
of applying widely the knowledge it 


New mains can be installed: of cast 
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has been gaining in recent years, by 
making such adjustments in the treat- 
ment processes as to deliver to the 
pumps and mains a product in which 
the tendency to corrode has been re. 
duced to a practical minimum. The 
materials and the methods are ayail- 
The time has come to use them, 


The author makes no claim to Origi- 
nal work in developing the data upon 
which this discussion is based. Killam 
and his associates in the N.E.W.W.A. 
study, Wolfe acting on behalf of the 
Cast Iron Pipe Research Assn., How- 
son in his many fine studies of the 
economics of water supply, Moore and 
his A.W.W.A. Committee on Corro- 
sion Control, Langelier, Hoover, Hale, 
Rice, Pallo, Barbee, Hurlbut, Hayes 
and many others are the men who have 
studied the various problems derived 
from the corrosive effects of water 
upon public water supply installations 
and who have pointed the way to their 
solution. 


able. 


Acknowledgment 


References 


1. Witson, EpGar K. Conditions of Mains 
in Typical American Cities. — Jour, 
A.W.W.A., 28 :1304 (1936). 

2. Howson, Louis R. Importance of the 
Distribution System. Jour. A.W.W.A,, 
35:1523 (1943). 


3. Kittam, Etson T. Digest of Report of 


N.E.W.W.A. Committee on Pipe Line 
: Friction Coefficients and Effect of Age 
Thereon. Jour. A.W.W.A., 28:1293 
(1936). 


Advantages of Ce- 
Jour. 


4. Worre, THomas F. 
ment Linings for Cast-Iron Pipe. 
A.W.W.A., 38:15 (1946). 

5. Weiser, S. R. A Summary of Census 
Data on Water Treatment Plants in the 
United States. Jour. A.W.W.A., 34: 
1831 (1942). 

6. LANGELIER, W. F. 
Water Treatment. 


38:169 (1946). 


Chemical Equilibria in 


Jour. A.W.W.A, 


F 


dus 
suc 
pe 
con 
Spe 
typ 
acic 
fou 
usit 
exc 


Ex} 


witl 
late 
lerr 
hare 
trat 
trea 
rect 
The 
stor 
pres 
the 
ing 
was 
per 
usec 
tion 

B 
well 
tive 
hact 
lum, 


778 
/ 
; 
LAY 
| 
? 


q 


Microbial Fouling of Zeolite Water Softeners 
By W. L. Williams 


fication, Louisville Water Co., 

JR two years, until it began draw- 
F ing upon surface supplies, an in- 
dustrial water treatment plant had been 
successfully treating 2 mgd. of com- 
posite well waters. The equipment 
consisted of a rapid mix tank, two 
Spaulding precipitators, four gravity 
type filters using 7-mm. Anthrafilt, an 
acid treating chamber, clear well and 
jour zeolite high-pressure softeners 
using Zeo-Karb as the medium of ion 


exchange. 
Experience With Well Waters 

Chemical treatment of the raw water 
with dolomitic hydrated lime, recircu- 
lated sludge from the precipitators, and 
ierric sulfate reduced the carbonate 
hardness and silica. After gravity fil- 
tration, the precipitator effluent was 
treated with 2 per cent sulfuric acid, 
reducing the pH from 10.0-10.5 to 8.5 
The filtered water then entered the 
storage clear well, from which, at a 
pressure of 75 psi., it was pumped to 
the zeolite softeners, where the remain- 
ing calcium and magnesium hardness 
was converted to sodium salts. A 10- 
per cent sodium chloride solution was 
used in the softeners as the regenera- 
tion medium. 

Bacterial counts the individual 
wells were extremely low, with no posi- 
tive coliform tests. A few of the iron 


ol 


lacteria, including the genera Spirophyl- 
lum, Crenothrix and Leptothrix, were 
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recovered occasionally from Sedgwick- 
Rafter concentrations of the composite — 
well supply and from the cooling reser- 
voirs of drinking fountains operating _ 
on the same supply. Because this water 
is also used for drinking, it was treated | 
with chlorine in the form of chloramine © 
and also with sodium hexametaphos- 
phate for iron stabilization before its 
arrival at the water treatment plant. 
The chlorine residual at the time 
chemical treatment was usually 
than 0.5 ppm. 

While well water was being treated — 
in the plant, bacterial platings on stand- _ 
ard agar at 37°C. consistently gave 
counts below 10 per ml., and the coli- 
form group was never found in 10-ml. 
samples obtained from the precipitators, 
filters, clear well or softeners. A sub- 
stantial reduction in the iron bacteria 


after filtration was also obtained. oe 
Use of Surface Water ey 


Because a survey of the underground 
water supply indicated a serious well — 


of 


less 


water shortage, arrangements were 
made for treating Ohio River water 
instead. Unfortunately, due to the lo- 


cation of the plant, the raw water was 
obtained from the river approximately — 
three miles below the point of entrance 
of the sewage from the cities of Louis- 
ville, Ky., and New Albany and Jeffer- 
sonville, Ind., and below waste outfalls 
of several large industrial plants. The 
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Ohio River had been at pool stage for 
four months prior to its initial use as 
a water source for the plant, and con- 
tained an abundance of algae and proto- 
zoans. Bacterial counts were in the 
hundred thousands per ml. and the 
coliform group was present in 1-ml. 
portions of the raw river water. 

As it was realized that the problem 
in treating such a water would be the 
control of organic growth, intermittent 
chlorination was provided at the river 
intake ; the intention was to control or- 
ganic growth in the distribution system 
and in the condensers of refrigeration 
units. This chlorination produced re- 
siduals in the influent to the water 
treatment plant which varied hourly 
from 0.2 to 1.0 ppm. of chlorine. 

. As the water entered the rapid mix 
tank, sufficient chlorine was introduced 
to establish a diminishing residual 
through the system, resulting in residu- 
als of 0.2 to 0.3 ppm. entering the 
softeners. The manufacturers of the 
softening equipment specified that a 
maximum of 0.3 ppm. of chlorine might 

7 be applied to the carbonaceous zeolite, 
and this amount was considered suffi- 

cient for sterilization. Daily bacterial 
counts of the water throughout the 
system, on the first trial runs, seemed 
to bear out this belief. Low counts 
varying from zero to a few hundred 
per ml. and an occasional finding of the 
coliform group in 10-ml. portions were 
obtained. Consequently, treatment of 
the river water was begun. 


Contamination of Zeolite 

After the river water had been used 
for 16 days, increasing bacterial counts 
in the softener effluents made it appar- 
ent that the softeners were badly con- 
taminated. Average total plate counts 
had risen, in samples of the softener 
effluents, from 600 to 180,000 per ml., 
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and positive coliform tests were ob. 
tained in 1-ml. samples. A growth was 
noticed on the walls of the acid-treating 
chamber and on the globe of a sy. 
merged light used to illuminate the 
chamber. Examination revealed tha 
the slime was composed of filaments of 
iron bacteria, protozoa, diatomaceae. 
and bacteria, including an abundance of 
Aer. aerogenes. 

An investigation was begun immedj- 
ately, to determine whether other parts 
of the system had been affected. No 
growth was found in the precipitators, 
filters or piping leading up to the acid- 
treating chamber, but a slight growth 
was noticed on the walls of the clear 
well and much slime lined the walls and 
top of the softener shells. The surface 
of the zeolite itself was also highly con- 
taminated. Laboratory examination of 
the slime showed it to be made up mostly 
of organic fragments. Some recogniz- 
able species of iron bacteria and several 
species of protozoans and diatoms were 
also present. Cultures made by streak- 
ing the material on Endo’s agar gave 
heavy growths of Aer. aerogenes over- 
growing colonies of Esch. coli. A plat- 
ing from 100 ml. of sterile water, in 
which 10 g. of the surface zeolite had 
been washed, gave a count of 3,200,000 
per ml. of the suspension. The coliform 
group was demonstrated in a dilution 
of 1: 100,000 of the zeolite wash water. 

The interesting fact that no growth 
occurred in the plant up to the acid 
treating chamber could be explained 
only by the assumption that the pH 
of approximately 10.5 inhibited any 
recognizable growth, but reduction of 
the pH to 8.5 produced a condition 
ideal for abundant growth. 


Attempts at Control 
A cleaning program was started at 
and the use of the surface source 
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was discontinued. Each softener was 
opened and the inside of the shell and 
the suriace of the zeolite were thor- 
oughly hosed with a_ high-pressure 
water stream, after which the zeolite 
was given a high-rate backwash. Sam- 
ples of the effluent water from the 
softeners were examined daily, both 
before and after cleaning. A decrease 
in total bacterial and coliform counts in 
the contaminated units was noted after 
changing back to the well water supply. 
There was, of course, a marked reduc- 
tion in counts of samples obtained from 
all units cleaned during the period. 

After using well water for 16 days 
and cleaning the units, the plate counts 
of efluent water dropped to an average 
of 900 per ml., with only an occasional 
positive coliform test in 10-ml. portions. 

The occurrence of growth in the acid 
treating chamber and storage clear well, 
when treating river water, indicated in- 
sufficient chlorination. In an attempt 
to control further growth in the system, 
therefore, when the treatment of river 
water was again begun, free residual 
chlorination was applied in the rapid 
mix tank. From 8 to 15 ppm. of chlo- 
rine was required, giving a residual 
throughout the system that decreased 
to 1.0 ppm. in the clear well. Because 
of the 0.3 ppm. limit on the chlorine 
residual in the softeners, equipment was 
installed to pump sufficient sodium sul- 
fite solution into the softener influent 
lines to reduce the chlorine residual to 
between 0.2 and 0.3 ppm. 

Operation of the plant on river water 
continued for 12 days, during which 
hoth total and coliform counts again 
steadily increased to the hundred thou- 
sands per milliliter. The treatment of 
well water was again resumed, and each 
softener was backwashed overnight 
with a solution of 200 ppm. of sodium 
pentachlorphenate, using a small Te- 


circulating pump. Bacterial counts 
from the softeners were not materially 
reduced by this treatment. One of the 2 . 
units was given an overnight treatment —__ 
with 3 per cent caustic soda solution, 
recirculated by the low-pressure pump. — 
The treatment by these germicidal solu- _ 
tions was followed by a vigorous air | 
backwash with water lowered to the 
level of the zeolite surface. The normal — 
backwash which followed dislodged © 
much organic material, and bacterial — 
counts were reduced to an average of 
1,000 per ml. 

The treatment of river water was 
again resumed, using free residual chlo- 
rination as before. Suspension of de- 
chlorination with sodium sulfite during 
the 10-minute backwash periods al- 
lowed a residual of 1.0 ppm. instead of 
0.3 ppm. to reach the softeners every 
16 hours, at the time of regeneration. 

Bacterial counts began to rise after 
a few days of river water treatment. 
In 10 days softeners began giving very 
short runs, and three of the units soon 
failed to regenerate. Upon opening the 
softeners, it was found that heavy bac- 
terial growth had formed a jell of or- 
ganic material, causing the zeolite to 
cake and channel. The top and sides 
of the softener shells were coated, as 
before, with a very heavy slime. Core | 
samples were removed aseptically from 
the zeolite surface, and caking was evi- | 
dent to a depth of 12 in. 


Successful Measures 

The top layer of about 12 in. of the 
highly contaminated, caked zeolite was 
removed from the softeners and dis- 
carded. The remainder was removed, 
dried and replaced with 12 in. of new 
material added. The _ reconditioned 
softening material was given a vigorous 
air-and-water backwash, which effec- 
tively removed much organic material. 


{ 


782 

An abundance of the same microbic 
Hora as previously found was present 
in the caked zeolite and in the slime 
covering the inside of the softener 
shells. The important difference was 
in the enormous increase in bacterial 
counts, especially in Aer. aerogenes 
which were found in 1: 1,000,000 dilu- 
tions of laboratory washings of the 
zeolite and in the slime. Some typical 
bacterial counts were: in slime from 
inside the softener shells, 370,000,000 
per ml.; in surface zeolite, 326,000,000 
per g.; and in zeolite 6 in. below the 
surface, 62,000,000 per g. 

Escherichia coli was found in pre- 
dominance over Aer. aerogenes in all 
tests on the raw river water. In every 
sample of the coliform group recovered 
from the material taken from inside of 
the softeners, however, Aer. aerogenes 
was found in a ratio of about 3:1 over 
Esch. coli. This was due, probably, to 
the temperature (15° to 25°C.) at 
which the organisms grew inside the 
softeners, for the optimum temperature 
for the growth of Esch. coli is higher 
than that for der. aerogenes. 

Except for the initial bacterial seed- 
ing of the softeners, prior to starting 
free residual chlorination, few bacteria 
had entered the softeners. This was 
evident from the daily plate counts and 
coliform tests, which had been negative 
in samples from the clear well water 
containing 1.0 ppm. of chlorine. 

The several occasions when bacterial 
counts rose rapidly while treating river 
water can be accounted for only by the 
fact that nutrient material in the form 
of microscopic organic fragments passed 


through the filters and reached the 
softeners. Each time the plant reverted 
to the treatment of well water, the bac- 
terial population decreased. During 
the periods of river water treatment. 
Sedgwick-Rafter concentrations of plant 
filter effluents showed much organic 
material passing through the filters 
whereas, except for a few filaments of 
iron bacteria, no organic material was 
found when well water was used. 

A backwash procedure was adopted 
which gave much better cleaning of the 
softeners. A low backwash velocity for 
five minutes provided a scrubbing ac- 
tion on the zeolite grains; this was fol- 
lowed by a high backwash rate which 
flushed out the dislodged organic parti- 
cles. A much larger volume of organic 
material was removed by this scrubbing 
method than by the normal backwash 
at a uniform rate of flow. 

A rapid rise in the river substantially 
reduced the organic load in the raw 
water supply to the plant. Indications 
of this organic dilution were a decided 
drop in the plankton and a_ lowered 
chlorine demand. Before the rise in 
the river 200 Ib. of chlorine in 24 hours 
was needed to attain a free residual, 
whereas after the rise only 50 Ib. in 
24 hours was necessary. More effee- 
tive removal of organic fragments was 
obtained by replacing the 0.7- to 08 
mm. Anthrafilt particles in the upper 
12 in. of the filters with new particles, 
0.4-0.5 mm. in average diameter. The 
resulting reduction of organic material 
reaching the softeners allowed continu 
ous operation of the plant on river 
water. 
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Iters A paper presented on Apr. 26, 1947, at the Montana Section Meeting, == 

ts of Havre, Mont., by Arthur L. Johnson, Supt., Water Dept., Kalispell, | 

Was Mont. This paper supplements the activities of the Committee on au 
Municipal Water Works Organization. 

ypted 

f the NDER Montana law, a water sup- may petition their board of county 

y for ply may be secured by almost commissioners to create a rural public 


y ac- | any community in which enough peo- improvement district for the purpose 
fol- | ple live in an area small enough to of supplying water to the community. 
hich | make it practicable. There are three The cost of construction and mainte- 
arti- | general ways in which the organiza- nance is assessed in proportion to the 
ranic | tion required for the purpose may be assessed valuation of the property 
bing | accomplished : served. The organization is then su- 
wash | 1. By specific reference in the law  pervised by the board, and collections 
any “town or city government” has made by the county treasurer. It has 
‘ially | the power to provide a water supply — been said that bonds for this type of 
raw | for its citizens. Therefore, a commu- project are comparatively difficult to 
tions | nity of 300 or more people, spread over _ handle. 

ided ‘ an area not exceeding one square mile 3. If the community lies within 3 
ered | to each 500 people, may apply by peti- miles of a city of less than 24,000 popu- 
e in | tion to their board of county commis- lation, it may arrange to secure water 
ours | sioners for incorporation. Ifthe board from that city or town. The commu- | 
dual, | finds that there are at least 300 people nity must, however, run its own piping 
». in fin the area, and that a majority of from the city limits. If the city hasa 
fiec- | its qualified electors are in favor, it population of 24,000 or over, the city _ 
was | must proceed to set up a town or city itself may deliver the water to the 


0.8 | government. community, still provided that it is 
pper | An election is called for the purpose within the 3-mile limit. = 
icles, of electing a mayor and the necessary A city government may also take 


The fuumber of councilmen. Once the over a private water plant within the 
erial | “town or city government” is set up, city by paying a just price for it. 
tinu- | the governing body has power to set Nothing specific regarding metropoli- 
river }up a water supply system—to acquire tan districts appears in the law, but it 
all lands, rights of way, water rights appears desirable that something of 
and other appurtenances necessary to this type be set up under existing legis- 

a water system. The governing body lation. 


4 
can also borrow money necessary to 
nance the operation. 
2. If 60 per cent of the freeholders Any city or town has power to bor- 
in the community are in favor, they row money or to issue bonds up to 3 


} 


per cent of the total assessed valuation 
of the taxable property, provided the 
proposition has been submitted to a 
vote of the taxpayers, and a majority 
vote received in favor. To provide for 
water works requirements, an addition 
of 10 per cent in borrowing power is 
permitted, if approved by a majority 
vote of the taxpayers. The bonds so 
authorized are general obligation bonds, 
either amortization or serial type, bear- 
ing interest of not more than 6 per 
cent, and maturing in at most 20 years. 
These bonds may be sold at public sale, 
but the council has power to reject any 
or all bids and to sell the bonds at 
private sale, obtaining at least par 
value. The city also has the power to 
levy a tax on all water customers for 
the purpose of defraying the expense 
of procurement. 

The Municipal Revenue Bond Act 
of 1939 allows cities and towns to 
issue bonds for water works construc- 
tion to be paid for out of the revenue 
of the water works. These bonds must 
mature in at most 40 years, and can 
bear interest of not more than 5 per 
cent. Such issues must be authorized 
by the governing body and approved by 
a majority of the qualified electors of 
the city. 

Another law, passed in 1943, pro- 
vides for revenue bond issues for con- 
struction of sewers and disposal plants. 
Sewer charges may be based on the 
use of water and collected: by water 
departments to provide the funds to 
pay off the bonds. This procedure 
creates more work for the water de- 
partment, but relieves the city of the 
burden of a sewer department. 

The budget law for cities and towns 
provides that all money to be spent 
during the fiscal year be budgeted. un- 
der rules and regulations prescribed by 


the state examiner. It used to be nec- 


ARTHUR L. JOHNSON 


Jour. A WWA 


essary to advertise for bids on all con- 
tracts of $500 or more. This figure 
has now been raised to $1,000 by a 
‘aw passed at the last session of the 
legislature. 


Local Control 

The state of Montana had a popula- 
tion of 559,456 when the 1940 censys 
was taken. According to information 
furnished by the State Board of Health, 
there are 120 public water supply sys. 
tems throughout the state, serving a 
population of 279,569, or about 54 per 
cent of the total. Reports previously 
published show that in some of the 
eastern states these percentages are 
much larger. In New York State, for 
example, 93.5 per cent of the popula- 
tion is served by public water supplies, 

Of the 120 Montana supplies, % 
are municipal organizations, 23 are 
privately owned and 7 are maintained 
by public institutions. The 90 munici- 
pal supplies serve a population of 202- 
077. These organizations are usually 
governed by a mayor and city council 
—sometimes called commissions—and 
one has the commissioner-manager 
form of government, in which the man- 
ager has charge of all city functions. 
Two are governed by boards of count) 
commissioners, in rural public improve- 
ment districts. 

In co-operation with the investiga- 
tions conducted by the A.W.W.A 
Committee on Municipal Water Works 
Organization (1), questionnaires were 
sent out to various utilities in the state 
The 15 replies received show that the 
type of utility organization is  ust- 
ally a department headed by a super- 
intendent, who is responsible to the 
city government. He is usually ap 
pointed by the mayor, with approv 
of the city council, and does not hav 
civil service status. 


Aug 


In 
and 

utilit 
ity a 
quire 
the 
TI 
Boar 
overs 
and 

used 

dome 
instit 
perso 
strea: 
there 
the e 
mine: 
make 
pollut 
prote 
used f 
must 
thorit 
are el 
tions 

town | 


| 
> 
VAR 
6 
. 


Opula- 
census 
Mation 
lealth, 
ly 
ving a 
54 per 
ously 
of the 
are 
te, for 
opula- 
pplies, 
es, 
are 
tained 
1UuNici- 
f 202. 
isually 
‘ouncil 
—and 
anager 
man- 
ctions. 
“ounty 
prove- 


ostiga- 
WA 
V orks 
were 
state 
at the 

ust 
Super 
‘0 the 
y a 
proval 
have 


State Supervision 
The term “public utility,” as defined 
py state law, includes every corpora- 
yjon—both public or private—company, 
individual or association of individuals 
jyrnishing heat, light, power, water or 
jisposal of sewage, whether within the 
mits of a municipality or not. The 
Public Service Commission has full 
power of supervision, regulation and 
sontrol of such utilities, subject to the 
provisions of the law, and to the ex- 
dusion of any municipal or local con- 
trol. 
The Public Service Commission is- 
sues standard rules and regulations, 
which control all public utilities. There 
are rules governing water rates, whether 
metered or flat, and how and by whom 
grvices and meters may be installed. 
In general, the commission regulates 
and supervises the operation of the 
utility and acts as referee between util- 
ity and public. The utility is also re- 
quired to make an annual report to 
the commission. 
The state law provides that the State 
Board of Health shall have the general 
oversight and care of all inland waters 
and of all streams, lakes and ponds 
used as a source of water supply for 
domestic use by any city, town, public 
institution, water or ice company, or 
person, in the state, and of all springs, 
streams and water courses tributary 
thereto. The board also has charge of 
the examination of water, and deter- 
mines its fitness for public use. It 
makes rules and regulations to prevent 
pollution and to secure the sanitary 
protection of all such waters as are 
used for domestic purposes. The board 
must consult with and advise the au- 
thorities of all cities and towns which 
are either constructing or making addi- 
tions to a water system, and no city or 
town may begin such construction with- 
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out the approval of the State Board 
of Health. 

The law also provides that a log be 
kept of all well drilling operations when 
the water is to be used as a public sup- 
ply, and this information must be filed 
with the board on forms which it fur- 
nishes. A penalty is prescribed for 
those who fail to comply with the regu- 
lations of the Board of Health. 

The State Examiner or his assistant 
must examine and audit the books of 
each public utility at least once a year. 

The state law also provides a work- 
ing day of eight hours for public em- 
ployees, with no overtime allowed ex- 
cept in emergency situations, when 
there is danger of loss of life or prop- 
erty. Under this law, the person who 
works overtime is just as guilty as the 
one who orders him to do so. 

Public employees are also covered 
by the Workmen’s Compensation Act, 
which provides compensation for work- 
ers who become injured on the job 
during working hours. 

A Public Employees’ Retirement 
Act was also passed in 1945. All sub- 
divisions of the state are permitted to 
join upon approval of their governing 
body and the employees themselves. 
The act provides a death benefit; dis- 
ability benefit; retirement with half 
pay at the age of 65, after 35 years of 
service ; and optional retirement at the 
age of 60, after 10 years of service. 
Retirement at the age of 75 has been 
compulsory since July 1, 1947, and will 
be compulsory at the age of 70 after 
July 1951. Employees who leave 
service before retirement are to be re- 
paid 90 per cent of their total contri- 
butions. 


Opinion of Superintendents oa 


Of the 21 questionnaires sent out to 


publicly owned water departments in 
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the state, 15 were returned. There 
seemed to be some reluctance to an- 
swer the question which asked if pres- 
ent form of management was satis- 
factory. Six “Yes” replies were re- 
ceived to this question, and six “No,” 
with four of these giving politics as 
their chief objection. 

In answer to the question “May wa- 
ter works funds be used for other pur- 
poses?,” there were four “Yes” and 
eight replies. 

One utility pays taxes to lay water 
mains in the streets. Another reported 


ARTHUR L. JOHNSON 


that it pays interest on its invest. 
ment. 

Suggestions for remedies or jp. 
provement of water works manage. 
ment included licensing of superin- 
tendents, and separate boards. One 
person even suggested that a state lay 
be passed permitting separate water 
boards to be set up, which would not 
be responsible to the city government, 


Reference 


1. Municipal Water Works Organization 
Jour. A.W.W.A., 38:1276 (1946). 
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Municipal Water Works Organization in Illinois 


SSENTIALLY the state of Illinois 
E is governed according to the 
‘home rule” principle. That is, there 
is a tendency for as many powers as 
possible to be left at the local level and 
for only a small amount of state regu- 
lation to be imposed on the municipali- 
ties. In Chapter 24 of the J/Ilinots 
Revised Statutes—the Cities and Vil- 
lages Act—many broad powers are 
granted to municipalities to own, lease, 
uy and construct water works and to 
operate, improve and extend them. 
These articles do not limit the form 
of organization and administration. 
Such limitations as exist provide for 
referendums under certain conditions, 
protection of debtors if financing 
through bond issues is necessary, main- 
tenance of separate accounts and the 
publication of annual reports. 

Most of the articles give the munici- 
palities the right of condemnation in 
securing property for such purposes 
and also give them the power to own 
and police such property beyond their 
corporate limits. The power of joint 
action with other municipalities to ac- 
quire a water supply is granted to 
those desiring it. One article empow- 
ering this joint action provides that 
the respective city officials become the 
board of the joint venture, and another 
article provides that the supply can be 
operated by a board appointed by the 
county judge. Some articles provide 
specifically for a non-partisan board or 
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A paper presented on Apr. 18, 1947, at the Illinois Section Meeting, nace sl ae 
Chicago, Ill., by W. R. Gelston, Supt., Water Works Commission, 
Ouincy, Ill.; member of the A.W.W.A. 
Hater Works Organization for Illinois and Indiana. 


Committee on Municipal 


commission, and, if this form is adopted 
prior to the sale of bonds, it cannot be 
repealed until the property is free of _ 


bonded indebtedness. 


There is also an article permitting 


joint operation, by ordinance, of water 


works and sewage systems. 
Chapter 111% of the statutes, which 
deals with public utilities, specifically 


exempts municipally owned utilities 


from the jurisdiction of the Commerce 


Commission, the state body that regu-_ 


lates rates and service standards of 
privately owned utilities. A section 
of this chapter also enables the crea- 
tion of a public water district, man- 
aged by a broad of trustees appointed 
by the county judge, in any contigu- 
ous area having a population of less 
than 500,000. Such a district has 
powers as broad as those of municipali- 
ties for obtaining water supplies. 

A provision of Chapter 120, which 
deals with revenues, exempts from tax- 
ation “‘all works, machinery and fix- 
tures belonging exclusively 


to any. 
town, village or city, used exclusively © 


for conveying water to such town, vil-_ 


lage or city.” This freedom from tax- 
ation and Commerce Commission con- 
trol sets municipally owned utilities in 
Illinois quite apart from those in states 
where strong state control is the rule. 


In general there is no provision to — 


prevent the diversion of surplus funds 
to non-water department use, unless 
revenue bonds were sold and such pro- 
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visions were contained in the bond 
offer. Enabling legislation makes it 


possible to finance the extension of 
mains by several different means: spe- 
cial assessment, surplus funds, special 
water tax, revenue bonds and, in Chi- 
cago, certificates of indebtedness. 


Organization Questionnaire 


To obtain detailed informa- 
tion on the types of organization in 
use, and what water works men thought 
of them, the A.W.W.A. Committee on 
Municipal Water Works Organization 
circulated a questionnaire to the execu- 
tives of many representative water sup- 
plies (1). The replies to the confiden- 
tial part of the questionnaire reveal that 
those who were operating under a 
separate board or commission were 
unanimous in considering their present 
form of management to be suitable for 
their purposes. Those reporting from 
departments which operate directly as 
a city department or bureau were di- 
vided equally between those who felt 
their present form of management was 
suitable and those who felt that it was 
not suitable. Nearly all of those re- 
plying were opposed to greater state 
supervision. Those who did favor it 
qualified their statements to indicate 
that they wanted licensing of operators 
rather than regulation by utility com- 
missions. Half of those questioned 
favored legislation setting up a man- 
datory form of water works organiza- 
tion; the other half were opposed. 

Those who were dissatisfied with 
their present form of organization were 
almost unanimous in citing freedom 
from political interference as the change 
needed. A minority mentioned diver- 
sion of revenue as their greatest prob- 
lem. Most of those who desired change 
seemed to think that further legisla- 
tion was the answer to their needs. 


more 
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It is to be noted that this feeling is jp 
sharp contrast to the “home rule” tend. 
ency of those from Illinois, almog 
none of whom wanted more state reg- 
ulation. Those wishing more legis- 
lation also appear to have overlooked 
the broadness of present laws, under 
which any city can set up whatever 
form of organizatian its people want, 
It would appear, therefore, that the 
proper cure is a program of public 
education in the towns where changes 
are needed, for the people can have 
any form of organization upon which 
they insist without giving up any of 
their prerogatives of home rule. 

Such regulation as does exist in II}. 
nois 1s largely vested in the State Dept, 
of Public Health, which has the power 
to require submission of construction 
and extension plans for approval (from 
the sanitary standpoint), to require the 
submission of operating reports, and 
to inspect and make recommendations 
for improvement. 
Conclusion 

In Illinois, broad powers are avail- 
able to local authorities responsible for 
obtaining a water supply. It is possi- 
ble for them to set up almost any form 
of organization that their people want. 
Where the separate commission or 
board form has been used it has proved 
satisfactory. Where the direct city de- 
partment is in use it has at times 
proved satisfactory and at other times 
not. It appears that, in Illinois, public 
education is the best answer to the 
problem of water works organization, 
for the public can have that form best 
suited to its needs without losing any 


local powers. 


1. Municipal Water Works Organization. 
Committee Report. Jour. A.W.W.A, 
38:1276 (1946). 
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By H. 

A paper presented on April 17, 1 
Chicago, Ill., by H. S. Mer: 
NABLING legislation on the stat- 
ute books of Illinois permits the 
establishment of a retirement annuity 
and benefit fund for all employees of 
municipally owned water, electric or 
gas utilities in the state. There are 
two such acts of enabling legislation. 
The Illinois Municipal Retirement 
Fund, which requires a referendum of 
the people of the taxing unit, is intended 
for all municipal employees and _ af- 
fects utility employees as a distinct 
group only as their automatic inclusion 
in this system makes them ineligible for 
any benefits through the Utility Sys- 
tem, which is the second plan. If a 
utility had previously enrolled in the 
Utility System, however, that pension 
plan is continued, regardless of later 
adoption by the taxing unit of the Mu- 

nicipal Retirement Fund plan. 

The Utility System, more properly 
known as the Illinois Public Utility 
Employees’ Annuity and Benefit Fund, 
can be adopted merely by ordinance by 
an eligible water, light or gas depart- 
ment, commission or board. Once 
adopted, such an ordinance cannot be 
rescinded. 

Because of the ease with which this 
pension plan can be put into effect, 
there is little reason for any municipal 
utility worker in Illinois not to have 
the equivalent job security offered to 
workers in all private lines of endeavor 
by the federal government. In some 


, Supt., 
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947, at the IMinois Section Meeting, 
Water Dept., Rockford, Ill. 


communities, where the voters are 
pension-minded, a referendum to in- 
clude all municipal employees under a _ 
pension plan has been successful ; _ 
others, such as Rockford, the adoption _ 
of the utility pension plan paved the — 
way for the approval of the Municipal _ 
Retirement Fund. 


The utility pension plan had its be- 
ginning in 1934, when a group of inter- ’ 
ested men met with a consulting actuary — 
to draft legislation intended to provide — 
old age security for the employees of — 
municipal utilities. A by-product of — 
this meeting is the present Illinois | 
League of Municipal Employees. 7 

A bill was drawn up by the actuary — 
in close co-operation with league mem- _ 
bers, a group of whom helped pilot the 
bill through the Legislature. The bill — 
was passed with surprisingly few com- | 
promises, and became law in July 1937. 
One modification that was made is a — 
result of the Illinois “home rule” tradi- 
tion: it was made optional, through the — 
adoption of an appropriate ordinance, 
rather than mandatory, for utilities to 
provide pensions for their employees. | 


History of Utility System 


Benefits of Utility System a 
The highlights of the Illinois Public 
Utility Employees’ Annuity and Bene- 
fit Fund, as taken from the Utility Act = 
(chap. 24, sec. 144-1107, 1945 Smith- 
789 
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Hurd Revised Statutes of Illinois), may 
be presented by outlining the benefits 
it brings and the cost it requires. 

Security in old age is the aim of the 
plan. For employees who retire at the 
age of 65, after 35 years of service (or 
more, if the employee depends largely 
upon prior service credits, which are 
for service before adoption of the plan), 
the retirement annuity is about 60 per 
cent of the average annual salary. An- 
nuities are proportionately less for em- 
ployees who have not participated in 
the plan for the maximum period. The 
upper limit of salary considered under 
the act is $250 per month. 

The earliest age at which an em- 
ployee can retire is 55, and annuities 
are fixed at age 65. Employees with 
less than 10 years of service who retire 
before they are 65 are given a refund 
of their own contributions plus interest. 
Employees with more than 10 years of 
service who retire before they are 55 
can either obtain similar refunds, or 
can leave their contributions in the fund 
until they are 55, at which time they 
may apply for an annuity based upon 
the joint contributions of themselves 
and the utility. The ratio of utility to 
employee contributions is 1.76 to 1. 

One other benefit of importance is 
that granted for duty disability. An 
employee totally disabled in the course 
of his work receives 60 per cent of 
his salary until the age of 65, if neces- 
sary; thereafter he automatically re- 
ceives a regular retirement annuity. 
The benefit for disability not incurred 
on the job is 50 per cent of the em- 
ployee’s salary at the time of the injury 
for a period not to exceed one-fourth 
of his service time or 5 years, which- 


ever is less. 

Annuity benefits are also granted to 
widows if the employee is of retirement 
age (over 55) at the time of his death. 


MERZ Jour. AWWa 
The amount of such benefits, if the 
widow is within 5 years of her hys. 
band’s age, is about equal to the ord. 
nary employee’s annuity. Children of 
deceased employees receive benefits of 
$10 a month until they come of age, 


Cost of Utility System 


The cost to the employees of this 
system is 4.75 per cent of their salary. 
articipation is compulsory for employ- 
ees working 600 hours or more per 
year. 

The cost to the utility is 8 per cent 
of its current payroll, plus a prior sery- 
ice liability amortized over 40 years, 
less credits for termination. The prior 
service costs vary with the utility, usu- 


TABLE 1 

Typical Retirement Experience at Rockford 

Monthly Years of 

Employee Pension Service 
Mr. A $76.50 38 
Mr. B 86.25 36 
Mr. C 74.86 30 
87.97 45 
Mr.E —_—s711.46 28 
Mr. F 87.02 28 


ally from 1 to 4 per cent of its current 
payroll. The act provides that employ- 
ees on the payroll the last day of the 
year prior to adoption of the plan must 
be given prior service credit based on 
their salary rate that day. In effect, 
this credit amounts to about 8 per cent 
of their salary plus interest for each 
year of past employment—sufficient to 
provide the older employees who have 
many years of service with a retire 
ment income that will spare them ac- 
tual want. 

To date, 15 employees of the Rock- 
ford Water Dept. have retired. Some 
typical pensions are given in Table 1. 
With the exception of Mr. F, who paid 
about $900 into the fund, none of these 
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employees contributed to the fund. If 
they had, of course, their annuities 
would have been proj ortionately 
ereater. It may be noted that Mr. F 
receives a pension of $87.02 for his 28 
years of service, of which 20 were prior 
service, whereas Mr. E receives only 
$71.46 for the same amount of total 
service, because it is all prior service. 

As about 35 years of service are re- 
quired to provide the maximum retire- 
ment benefits, and as the annuity be- 
comes fixed and disability payments 
stop at the age of 65, it seems advisable 
to follow such employment policies as 
will bring the maximum benefits to all 
under the plan. Last year an ordinance 
was passed at Rockford making retire- 
ment mandatory at the age of 65, and 
the Civil Service Commission will only 
hire persons under the age of 35. 


Adoption of Plan aa 


The effect of the adoption of the pen- 
sion plan in Rockford is quite marked. 
Personnel turnover decreased ; 
morale is higher; and the staff is more 
productive. No help was lost during 
the war to defense plants. Old employ- 
ees no longer merely put in time in 
order to remain on the payroll, but en- 
joy the dignity of an earned income 
through their pensions. The newer and 
younger employees take their jobs seri- 
ously as career undertakings. 

This improvement in employee atti- 
tudes is especially fortunate because 
the trend to municipal pensions appar- 
ently helped pass a civil service act in 
Rockford in 1945, giving the municipal 
employees civil service status. It is not 
so easy to discharge an employee who 


has 
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has an equity in his job, and any meas- 
ure that decreases unpleasant employee 
relations is a valuable aid. 

In addition, it is expedient—as well 
as simple justice—to offer municipal 
employees the same advantages as are 
given private employees, who are pro- 
tected by federal Social Security. Such 
public employees as teachers, policemen 
and firemen, as well as all state em- 
ployees, enjoy pension plans, and other 
municipal utilities should do as much, 
if only to compete more equally for 
desirable personnel. 

The Illinois League of Municipal 
Employees offers its assistance to those 
in communities which have not yet 
been sold on the plan, and copies of 
appropriate ordinances may be obtained 
from the author. The participating 
communities of Rockford, Springfield, 
Moline, Freeport, River Grove, Frank- 
lin Park and Geneseo are also willing 
to assist prospective participants. 

The league acts as a watchdog for 
those concerned with the pension plans, 
and currently is asking for amendments 
that will: 

1. Remove the $250 monthly limit on 
salaries eligible for the plan. 

2. Have the utilities compute prior 
service credits at 1.5 times the annual 
utility contribution, rather than an 
amount equal to it. 

3. Permit employees to retire before 
the age of 55, if they have completed 
25 years of service. 

It is felt that these changes will fur- 
ther the good work that the Illinois 


Public Utility Employees’ Annuity 
and Benefit Fund plan has already 
accomplished, 


38 
36 
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Indiana’s Water Resources 


By Charles H. Bechert 


1 paper presented on May 7, 1947, at the Indiana Section Meeting, 


Ind., 


by Cashes H. Bechert, Director, Dw. 


of Water 


Resources, State Dept. of Conservation, Indianapolis, Ind. 


ATER resources have been very 

carelessly used in Indiana, and 
the wasteful practices of the past are 
now producing serious problems which 
otherwise would never have existed. 
Swamps and marshes have been 
drained, and many natural lakes have 
been lowered and reduced in_ size. 
Tremendous quantities of water have 
been pumped out of the ground for air- 
conditioning and similar purposes and 
have then been wasted by being dis- 
charged into the sewers. Many beauti- 
ful streams and lakes have been badly 
polluted and rendered unfit for any 
beneficial use. 

Why such waste of this vital re- 
source? The reason is partly ignorance 
and partly the relative abundance of 
water with which Indiana has been 
blessed. Contrary to common belief, 
however, water resources are not in- 
exhaustible, and in many areas of [ndi- 
ana the supply is not as abundant as 


once believed. 


Declining Water Levels 


Since 1943, the Indiana Dept. of 
Conservation has been conducting an 
expanded investigation of the state’s 
water resources, in co-operation with 
the U.S. Geological Survey. Although 
this investigation has covered only a 
short period of time, it has been learned 
that in many areas water is being used 


at a rate greater than it is being replen- 
ished by nature. 

In South Bend, the original wells of 
the Central and the North Pumping 
Stations flowed above the land surface 
when they were drilled, but today they 
no longer flow. Many of the wells in 
this area, originally pumped by direct 
suction, are now equipped with deep 
well pumps, and it is obvious that the 
ground water table has declined since 
the original wells were drilled. In the 
investigation of the water resources in 
St. Joseph County, particularly in the 
South Bend area, many water level 
records were obtained from published 
and unpublished reports of the city 
water department, industrial water 
plants, well drillers and others. These 
data, compiled and analyzed, show that 
the net rate of decline in ground water 
levels has been fairly uniform through- 
out the area, ranging from 0.25 to 0.85 
ft. per year. The average rate of de- 
cline since 1895 has been about 0.5 ft. 
per year. 

In Indianapolis, conditions are simi- 
lar, only perhaps more severe. Water 
level records on a well in the Security 
Trust Building show a net decline of 
approximately 11 ft. since 1937. In 
the Kendallville, Lebanon and Decatur 
areas, and also other sections of the 
state where studies are being made of 
thes water resources, less available water 
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is being found in storage today than 
there was several years ago. 

During the war, tremendous quanti- 
ties of water were pumped from the 
ground for use in the manufacture of 
war goods, and the demand on most 
municipal and industrial supplies in- 
creased materially during that period. 
At Charlestown 60 mgd. was pumped 
from the ground to supply the Charles- 
town powder plant. More than 80 
mgd. of ground water was pumped to 
meet the needs of the Wabash River 
Ordnance Plant. The majority of the 
industrial plants in Indiana producing 
war materials used large volumes of 
water, and there were hundreds of such 
plants in the state. In these industrial 
centers, domestic consumption of water 
also showed an increase. 

At the close of the war, it was gen- 
erally felt that the demand for water 
would decrease, and that many well 
supplies would be given an opportunity 
to recover from the heavy draft upon 
them for several years. On the con- 
trary, however, reports indicate that 
the demand for water has continued to 
increase in most parts of the state, cre- 
ating additional problems with the sup- 
ply of ground water. 

The people of Indiana are concerned 
not only about ground waters, but sur- 
face waters as well. There are more 
than 800 lakes in the state, covering an 
area of more than 60,000 acres, and 
seldom is a petition filed for cleaning 
or constructing a ditch into one of these 
lakes without a counterrequest being 
made that the Department of Conserva- 
tion prevent the lowering of the waters 
of the lake likely to be caused by such 
drainage projects. The people are vi- 


tally interested in preserving these wa- 
ters and become alarmed each time a 
petition is filed to do something which 
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of a lake and surrounding ground water 
levels. They are also becoming aware 
of the loss of water resources resulting 
from the construction of ditches and 
the dredging of streams and rivers. 

Recently a petition was filed to dredge 
Turkey Creek from Lake Wawasee to 
the Elkhart River. There are on the 
author’s desk three separate remon- 
strances signed by different organiza- 
tions which are opposed to this drain- 
age project. They are not opposing it 
because of the assessments, but because 
they are fearful of the adverse effect 
the cleaning of this stream will have on 
their water resources. One of the ob- 
jections reads, in part: 


... that dredging and cleaning the stream 
will lower the water table of over 100,000 
acres, causing ruin and destruction of 
good farm land, crops, trees and, by so 
doing, destroy the natural beauty of our 
fair state; that, by lowering the water 
table during periods of drought, the loss 
and destruction to products of the farms, 
the land itself, will be increased ten-fold; 
that such damage will cause misery and 
suffering to hundreds of people in 
Indiana. 

Conservation Measures 

Farmers, too, are becoming more 
water-conscious and alarmed about the 
future of their water resources. Many 
of them who once favored digging 
ditches and allowing water to flow away 
rapidly to rivers and streams are now 
controlling their drainage by means of 
control dams and pumps. They have 
learned the value of retaining some of 
the water on their lands for use during 
dry periods. 

There also appears to be a trend in 
thinking regarding the possibility of 
employing supplementary irrigation for 
the increased production of farm crops. 
The yield of such crops as beans and 
potatoes can be increased as much as 


( 
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five times by proper irrigation, and, 
where this has been practiced, not only 
has the yield been increased but the 
quality of the crop has been materially 
improved. 

The yearly flow in the rivers and 
streams, which cover an area of 280 
square miles, amounts to between 25,- 
000,000 and 30,000,000 acre-ft. of 
water, and yet there are several months 
each year when flow of many streams 
is almost negligible. For example, the 
maximum flow on record for Laughery 
Creek at Farmer’s Retreat is 17,000 
cfs., but, in late summer, there is fre- 
quently no flow at all in this stream. 
A similar condition exists in the Mus- 
catatuck. The flow in this stream at 
North Vernon has exceeded 25,000 cfs., 
yet in August and September the Mus- 
catatuck Colony and North Vernon are 
almost fighting over the water furnished 
by this river. Large flows of water are 
wasted during most of the year, only to 
be followed by shortages at other times. 

If the flow of these streams were 
regulated in order to maintain reason- 
able flows during dry periods, many 
new industries would spring up along 
these rivers, cattle raising would be 
stimulated, and the wealth of the com- 
munities would materially increase. 
Similar conditions exist in many other 
areas of the state. To impound and 
store such surface waters for use during 
dry periods would not only add to the 
water resources, but would help mini- 
mize floods. At present there is much 
agitation to construct dams in the head 
waters of many streams and release the 
water when most needed. 

In a number of sections of southern 
Indiana it is difficult to obtain ground 
water, so that the people must depend 
largely upon surface supplies for do- 
mestic needs and for livestock. Surface 


waters are plentiful during the winter 
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and spring months, but in the summer 
these supplies are often non-existent 
Farmers are compelled to haul water 
great distances for their cattle and for 
domestic use. This has been a serious 
problem in recent years, and, to help 
alleviate this condition, many farm 
ponds and reservoirs have been built. 
During 1945, 223 ponds were con- 
structed in Jefferson County alone, 109 
in Dearborn County and 89 in Switzer. 
land County under the Federal Produe- 
tion and Marketing Administration 
Program. Many others were con- 
structed in other southern Indiana 
counties to aggregate a total of 948 
built that year. About the same num- 
ber were completed during 1946, but 
these figures include only those which 
were built under the P.&M.A. Pro- 
gram. Certainly more than 2,000 such 
farm ponds were constructed in the 
state during the past two years, repre- 
senting an expenditure of about $1,- 
000,000. 

Not only conservationists, but farm- 
ers, lawyers, engineers and the man on 
the street are becoming cognizant of 
the importance of conserving our sur- 
face and ground waters. In conversa- 
tions with a number of people who ordi- 
narily never think about water, the au- 
thor has been amazed by their expres- 
sions of concern about the necessity of 
safeguarding these resources. 

What does this recent interest in 
water conservation all mean? Is Indi- 
ana experiencing a critical depletion of 
water? Apparently not, but water 
problems are more serious today than 
in the past. Declining water levels 
may, on first thought, appear to bea 
very serious matter, indicative of a de- 
pletion of the available perennial sup- 
ply. In order to pump the quantities 
of water now being obtained from wells, 
however, it is necessary to develop a 
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wydraulic gradient toward the well or 
well fields in order to draw water into 
the wells. This results in a decline in 
water level within the cone of depres- 
sion. As the cones continue to develop, 
the water levels in nearby wells usu- 
ally continue to decline until the quan- 
tity of water being drawn into the cone 
of depression is equal to the pumpage 
irom wells. This cannot go on indefi- 
nitely, however, for if more ground wa- 
ter is withdrawn each year than is re- 
plenished, there has to be a stopping 
point. Another reason for some of the 
recent shortages in ground water is that 
irom 1930 to 1945 there was an accu- 
mulated deficiency of 58 in. of rainfall. 

Although present conditions may not 
he critical, it is apparent that many 
yeople of Indiana are thinking more 
about the value of their water resources 
and the need for water conservation. 
Not only is this true in Indiana, but 
throughout the nation, as evidenced by 
the many letters to the author re- 
questing information on Indiana’s laws 
on the control of water. 


Regulated Water Use 


and interest is leading to the regulated 
use and control of water. In the 131 
years since Indiana became a state in 
1816, common law rights governed all 
litigation over the use of water, and no 
attempt was made to control the use of 
either surface or ground waters by 
legislation. In 1947, however, a law 
was passed regulating the use of ground 
water for air-conditioning and cooling 
jurposes (1). Although the law is not 
(rastic—it provides that, if more than 
20 gpm. of cooling water is being 
withdrawn from ground sources, it 
must be recirculated, returned to the 
ground, or a permit secured from the 
Dept. of Conservation—it 


show 
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It would appear that all this concern 


that a change has taken place in the 


thinking of the people and legislators — 


of Indiana. Many members of the 
state legislature, with whom the author 
spoke at the time, felt that the legisla- 
tion was long overdue and that the bill 
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should have gone even further, to regu- 


late the use of water used for all cooling _ 


purposes. 
Not too far in the future, Indiana 


will undoubtedly pass laws regulating — 


the use of water resources and adopting 
the doctrine of appropriation. 
ground or surface waters, or both, will 
then come under the control of the state, 


which may allocate or permit their use © 


for specific purposes and in specified 
quantities. Most western states—in- 
cluding Arizona, California, Idaho, 
Kansas, Montana, Nebraska, Nevada, 
New Mexico, North Dakota, Okla- 


homa, Oregon, South Dakota, Texas, 
Washington and Wyoming— _ 


Utah, 


All 


have adopted this doctrine, each ina 


different form. Some of the laws apply 
only to surface water; others control 
both surface and ground waters. The 
method of control, allocation and ad- 
- ministration varies in each state. In 
Washington, for example, Section 1 of 
the Water Code states that : 


Subject to existing rights, all waters 
within the state belong to the public; and 
any right thereto, or to the use thereof, 
shall be hereafter acquired only by appro- 
priation for a beneficial use and in the 
manner provided and not otherwise; and, 


as between appropriations, the first in 


time shall be the first in right. The ad- 
ministration of this law is imposed upon 
an engineer to be known as the State 
Supervisor of Hydraulics, who is an as- 
sistant director to the Dept. of Conserva- 
tion and Development. 


Utah’s law holds that all waters, 
whether above or under the ground, 
are the property of the public, subject 
are the proj I J 


. 
4 
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to all existing rights to their use. The 


State Engineer has the general adminis- 
trative supervision of the waters of the 
state. That the use of water of every 
natural stream is dedicated to the peo- 
ple for beneficial purposes is a propo- 
sition in Nebraska’s water law, which 
further states that the water of every 
natural stream not previously appropri- 
ated is the property of the public and 
is subject to appropriation. The law is 
administered by the Dept. of Roads and 
Irrigation. Oklahoma’s water control 
law is administered by the Oklahoma 
Planning and Resources Board and 
beneficial use is the basis of and limit 
to the right to the use of water. Each 
of these laws is different, but all are 
intended to regulate the use of the 
states’ water resources. 

Although the doctrine of appropri- 
ation has been applied mostly by the 
western states, it seems to be spreading 
eastward. New York is studying the 
problem at the present time and legisla- 
tion is now pending in Michigan. New 
Jersey already has a water control law. 
The last legislature in Wisconsin passed 
a law on the use of ground water, and 
a number of cities in Florida have 


adopted, or contemplate adopting, op. 
dinances for the same purpose. (Cop. 
siderable thought has been given to th 
subject by individuals in Ohio, x 
well as in other middle west and east. 
ern states. 

If Indiana should adopt a doctrine 
controlling the use of its water re 
sources, no other group will be more 
affected than the water utilities of the 
state. For this reason, water works 
men should have a hand in formulating 
whatever laws are passed. If the uge 
of water is to be regulated, decisions 
will have to be made on what waters 
are to be controlled, by whom theg 
controls shall be administered and how 
present and future water users will be 
affected. The matter must be given 
serious thought, so that if and when the 
time does come for enforced water con- 
servation, thinking will be crystallized, 
and the water works industry can lead 
rather than follow in formulating’ an 
effective and equitable program. 
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10, a Water Treatment Practice in Quebec | 
er re. A paper presented on Apr. 14, 1947, at the Canadian Section Meeting, —— 
more} Montreal, Que. by T. J. Lafreniére, Chief Eng ngr., Provincial Ministry 
of the of Health, Montreal, Que. wate | 
tlating .. ATED in 1886, the Quebec quired, and curiously enough, this in- 
he se Soard of Health was composed of _ stallation of pressure filters was the 
cisions} eight medical members and an engi- last to be abandoned, when, in 1944, 
waters} neer. The staff at the board’s dis- the city obtained a modern rapid sand 
these} posal consisted of a secretary, a medi- filter. 
d how} cal inspector, a statistician, a part-time The city of Three Rivers also in- 
vill be hacteriologist and chemist, and con- _ stalled pressure filters in 1909 and 
given siltants who could be added to the enlarged the plant in 1910. Verdun 
en the} board as required. followed the same procedure in 1908, 
‘rcon-| Thus constituted, the organization with an addition in 1912. The town 
ized } could hardly control the installation of — of Ahuntsic, a suburb of Montreal, 
n lead} water works in the province, although also resorted to pressure filters to 
ng an} article in the Quebec Public Health purify the waters obtained from the 
Act, adopted in 1895, required that Riviere des Prairies. 
plans be submitted to the approval of In the fall of 1909, following a 
the board. The examination of these typhoid epidemic in Montreal, the 
Grouni] Plans and the inspection of the pro- Board of Health appointed a sanitary 
39-57} posed sources of supply led to many engineer to advise on the installation 


recommendations, which were not usu- 
ally followed. Surface waters were 
used by a large number of municipali- 
ties, and necessarily these waters be- 
came contaminated, causing numerous 
typhoid epidemics. The practice fol- 
lowed in Quebec was the same as in 
other parts of Canada and the United 
States; water purification was resorted 
to only after public opinion had been 
aroused by the epidemics. 


Early Treatment Methods 


The first water treatment in the 
province employed pressure filters sup- 
plied by U.S. companies, installed in 
the city of Longueuil in 1895. Nu- 
merous additions were made as _ re- 


and control of the operation of the 
various filter plants in the province. 
Thus the Division of Sanitary Engi- 
neering was created, and the labora- 
tories of the board were reorganized 
on a full-time basis. A sanitary chem- 
ist was appointed in April 1910, and 
an assistant engineer in May of the 


same year. 
The examination of these various 
pressure filter installations revealed 


that their efficiency was very low, ow- 
ing to the crude methods of applying 
alum. Facilities proper washing 
of the filters were also lacking, and the 
operation in general was rather poor. 

An improvement on ordinary pres- 
sure filters was attempted by the town 
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of Pointe aux Trembles, a short dis- 
tance below Montreal, which derived 
its highly contaminated raw water sup- 
ply from the St. Lawrence River. The 
company installed pressure filters with 
rate controllers and a coagulating tank, 
in order to bring the installation more 
in line with rapid sand filters. The 
results obtained were not satisfactory, 
because of the high degree of contam- 
ination, and the plant was finally aban- 
doned when the city of Montreal ex- 
tended its water distribution system to 
the district. 

During the typhoid epidemic in Mon- 
treal, James O. Meadows, sanitary en- 
gineer of the province, started hypo- 
chlorite treatment in the two water 
works that were supplying Montreal. 
The two plants were placed in opera- 
tion in January 1910, and it is believed, 
were among the first in Canada. As 
the treatment was not costly, several 
more installations were made in 191] 
and 1912, in various towns where wa- 
ter purification was badly needed. The 
treatment was looked upon as a tem- 
porary measure, pending the construc- 
tion of the filtration plants that were 
required to purify the highly contam- 
inated waters used in too many mu- 
nicipalities. 

The first mechanical gravity filters 
were placed in operation in 1912. The 
Montreal Water & Power Co. had built 
a 25-mgd. plant, and the St. Jean de 
Dieu Asylum also put in service a plant 
of the same type. The towns of Shaw- 
inigan and La Tuque also adopted 
mechanical gravity filtration about that 
time, the plants being constructed by 
the Shawinigan Water & Power Co. 
and the Brown Corp., respectively. 
3oth of these plants have now been 
demolished, the Shawinigan plant be- 
ing replaced by a more modern in- 
stallation in 1932 and the La Tuque 


Jour. 


water supply now being derived froy 
a distant lake. 

In 1912 the city of Montreal under. 
took the construction of a 50-mgd. fil. 
tration plant of a special type. The 
plans, made by a U.S. firm, called for 
double filtration. Mechanical gravity 
filters operating at the normal rate oj 
2 gpm. per sq.ft. prepared the water 
for final filtration by “slow” sand filters 
which operated at three times the nor. 
mal rates for filters of that type. The 
construction of the plant was delayed 
during World War I, but it was finally 
put in operation in 1918. Double fil 
tration had been used about that time 
at Albany, N.Y., and Philadelphia, Pa, 
in order to increase the rate of filtra- 
tion of slow sand filters. 


Extension of Control 

The sanitary engineer of the Board 
of Health had control over the installa. 
tion of new water works. Thus filtra- 
tion plants were ordered when the need 
for them became apparent. The type 
adopted was the mechanical gravity 
filter, and the first two plants installed 
under the article of the law requiring 
approval of the Board of Health were 
Ste. Rose, in 1913, and Laval des 
Rapides, in 1914, two small towns in 
the vicinity of Montreal. New water 
works were installed along Lake St 
Louis, on Montreal Island, and, al 
though chlorination of the water was 
accepted at the time of installation, tt 
was required that filtration plants be 
built in the near future. MacDonali 
College installed its filtration plant m 
1915, and the other towns of Ste. Anne 
de Bellevue, Pointe Claire and Dorval 
built their plants in 1917. 

The Board of Health felt that a law 
giving it control only over new watet 
works was inadequate, as the older it 
stallations required purification work 
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that the municipal corporations were 
qt disposed to install willingly. 
Amendments to the Quebec Public 
Health Act were therefore requested 
wy the board in 1911, but were not ob- 
ined until 1915. These articles in 
the laws of the province are still in 
irce. They have been modified as 
equired, and have served to improve 
the water supplies in the province. 

The new chapter added gives to 
the board the power to order purifica- 
jon works, to control their operations 
ad to appoint the operator when 
yeded. It also provides for a Board 
{ Appeal, composed of three public 
jealth engineers appointed by the inter- 
sted parties, to review the decision of 
the board if the town feels that the 
oder is not justified. This provision 
{appeal has only been used once, and 
the decision of the board was main- 
tained. 

The town of Aylmer, which has both 
its water intake and its sewer outlet 
-although 3,500 ft. apart—in Lake 
Deschenes, had been the victim of a 
water-borne typhoid epidemic. The 
ward used its discretionary powers to 
rder the town to build a filtration 
slant, whereas the local authorities pre- 
erred to extend the water intake. 
The town submitted to the board’s de- 
ision, and a mechanical gravity type 
iltration plant was built in 1916. 

At about the same time, the city of 
Ottawa had also been the victim of a 
typhoid epidemic, and remedial plans 
had been prepared by a U.S. firm of en- 
gineers. Apparently mechanical grav- 
ity filtration was not recognized at that 


ime as a proper form of water treat- 
ment in eastern Canada. English ex- 
erts were called in to solve the Ottawa 
roblem, and their recommendation was 
0 obtain water from 31-Mile Lake in 
Wuebec. The English engineers appar- 
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ently accepted the American form of 
water filtration, provided that the in- 
take be placed above local sources of 
contamination. The Aylmer filtration 
plant was put into operation, and the 
results obtained were found satisfac- 
tory. This plant is still in operation, 
and the population served has been 
fully protected. 

The city of Hull, near Aylmer, was 
next considered by the Board 
Health. An order was issued calling 
for the construction of a water filtra- 
tion plant without specifying the type. 
The city authorities resisted the order, 
and the case was heard in the Superior 
Court of the province. When the 
Board of Health obtained the decision, 
the city appealed, but lost in the higher 
court, and was therefore obliged to 
build the filtration plant. The munici- 
pal authorities still resisted the order, 
however, and claimed that their water 
consumption was three times the nor- 
mal rate, and so would require a filtra- 
tion plant of such a size that the cost 
would be prohibitive. The Hull water 
supply is still only chlorinated. 

It was recommended, when the city 
of Ottawa decided to construct a mod- 
ern gravity filter plant, that the city of 
Hull should join Ottawa and obtain its 
supply from the Ottawa filtration plant. 
Unhappily no agreement could be 
reached, as it was feared at that time 
that this dependence might bring a loss 
in autonomy. A national district is 
now being created which will involve 
no alteration in the administrative pow- 
ers of the municipalities concerned. 

The city of Levis received a similar 
order to build a filtration plant and 
also rejected the order. The dispute 
was taken to court again, and again the 
Board of Health order was maintained. 
Jurisprudence was thus established, 
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orders to build filtration plants sub- 
mitted, although not always graciously. 
The court decision permitted the board 
to obtain the construction of filtration 
works in St. Hyacinthe, St. John’s and 
Berthierville in 1916. 

Pressure filters were not accepted 
after that date for municipalities, except 
in Temiskaming, where the supply is 
exposed to a minimum of contamina- 
tion. Ever since, filtration plants in 
the province have been of the mechan- 
ical gravity type, except in institutions, 
hotels and other private supplies. 


Methods of Chlorination 

Before liquid chlorine was available. 
hypochlorite of lime was used as a 
treatment material. When liquid chlo- 
rine manufacture began, the Electro 
Bleaching Gas Co. placed a chlorinat- 
ing apparatus on the market. The 
author still remembers the absorption 
towers which accompanied such instal- 
lations at Lachine and Sorel. When 
Wallace and Tiernan chlorinators re- 
placed these Electro Bleaching Gas Co. 
machines, hypochlorite plants soon 
largely disappeared. For a time the 
Wallace and Tiernan Co. had no com- 
petition in the Quebec market. How- 
ever, the Patterson Engineering Co., 
L.td., an English firm, exported to 
Canada an apparatus which was read- 
ily accepted by the Board of Health, 
and which was offered in competition. 

Liquid chlorine machines have proven 
most satisfactory provided that proper 
care is given to their operation. The 
Board of Health slow in ap- 
proving hypochlorinators of the Pro- 
portioneers, Wallace & Tiernan and 
Wilson types, because of the difficulty 
in maintaining a solution to be fed to 
The board’s experience 
has not been 
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with such installations 


very satisfactory, although it has had 
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to encourage them, because of the higt 


cost of filtration works. The trouble i 


really due to the type of operators tha 
the smaller works can afford to pay 


Equipment and Treatment Methods 


The equipment for the mechanic‘ 
gravity filters was first supplied by thd 
New York Continental Jewell Filtra]! 

j 


tion Co., although the Norwood Engi. 


neering Co. semed to have the prefer. ) 


ence when the plants were built by jp. 
dustrial companies. The Roberts Filte, 
Mig. Co. also supplied its share 9 
equipment, especially when it secure¢ 
the contract with Montreal and § 
Hyacinthe. These three Mpanies 
equipped most of the early filtratigy 
plants. Francis Hankin 
Montreal, later developed a form 
equipment which was comparable t 
the machinery supplied by the US 
firms. 

Some probiems attended the board’ 
experience with mechanical gravity 
filters, and were solved only in late 
years. In order to reduce the cost ¢ 
installation, coagulation basins were in, 
stalled with too small a retention pe 
riod. Moreover, no mixing chamber 
were provided for, further reducing thi 
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facilities for proper coagulation. 


As Quebec waters are soft and highhj; 


colored, the floc was slow in formin 
and rather delicate in texture, with th 
result that the hydrate appeared in th 
filtered water after a run of a few hours 
Tests were conducted in two plants! 
Montreal, in order to determine th 
cause of poor coagulation, but unfor 
tunately no definite result has come ¢ 
these experiments which took plag 
about thirty years ago. 

The gravel filters were also made ty 
shallow, with improper size graduatiog 
The filters were therefore easily ups} 
during washing, unless proper care W4 
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taken to reduce the water velocity, es- 
gecially at the beginning of the wash 
period. 

The underdrainage system consisted 
ofa header with strainers so arranged 
as to permit the application, first of air, 
then of wash water, through the same 
piping system. One company provided 
or the application of air and water 
jmultaneously through separate pipes, 
the air being applied to the surface of 
the gravel. Another system employed 
rforations in the laterals, directing 
the wash water toward the bottom, and 
using the same facilities for air ap- 
ication. Wheeler bottoms have been 
installed recently to cope with the scar- 
city of metal. 

Variants of these systems were lately 
alopted, but experience has led the 
hoard to recommend air agitation ap- 
plied either below or above the gravel 
beds, both results being satisfactory. 
High velocity wash has been used to a 
limited extent only, and has not  be- 
come popular with the consulting en- 
gineers. 

Mixing chambers and sedimentation 
in large basins, usually offering a 4- 
hour retention period, are now re- 
quired. 

As they came on the market, dry 
eed machines have been used to ap- 
ply alum, and lime and soda ash are 
also applied to correct the degree of 
acidity. This practice was adopted only 
alter repeated recommendations, the 
local authorities resisting the sugges- 
tion to transform filtration works into 
‘hemical plants, especially in the smaller 
utilities, where it meant using alum, 
chlorine and lime, and ortho-tolidine 
for testing residual chlorine. <Acti- 
vated carbon has been applied in a few 
plants when needed, but without be- 
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coming an important part of water 
treatment. 

Chlorine dioxide is now used in one 
plant. Super-chlorination has not vet 
been adopted. Chlorine is used in all 
filtration plants, and the dosage is con- 
trolled by ortho-tolidine. 

Most water treatment plants send 
water samples through the mail for 
the determination of the presence of 
Esch. coli. This system, which has been 
developed by the laboratory of the Min- 
istry of Health, has been most success- 
ful in controlling the results obtained 
through treatment works in the prov- 
ince. 

At present there are 68 filtration 
plants in Quebec serving 98 municipali- 
ties with a population of over 1,500,000. 
There are also 116 plants in municipali- 
ties where the water is only chlorinated. 
The population thus served is over 
500,000. Institutions, industries and 
hotels account for an additional 37 in- 
stallations. 

The treatment of water in the prov- 
ince has lowered the typhoid death rate 
from the rate of 35 per 100,000, cur- 
rent before 1910, to less than 1.5 in 
1946. The problem is admittedly far 
from being solved, as a good many 
smaller works using chlorination alone 
also require filtration. It is hoped that 
conditions for building such plants will 
improve, and it is also hoped that the 
Canadian government may decide to 
help the smaller municipalities estab- 
lish such works. There is a definite 
tendency toward the municipalization of 
the smaller works, which would enable 
proper treatment works to be installed. 
The financial facilities of municipal 
corporations, of course, are far beyond 
the reach of the small public utilities 
operating such works. | 
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Key: In the reference to the publication in which the abstracted article appears, 34; 419 of x 
(Mar. ’42) indicates volume 34, page 412, issue dated March 1942. If the publication is tome 
by the issue, 34: 3: 56 (Mar. ’42) indicates volume 34, number 3, page 56, issue dated char 
1942. Initials following an abstract indicate reproduction, by permission, from periodicals, af dec 
follows: B.H.—Bulletin of Hygiene (British); C.A.—Chemical Abstracts; P.H.E.A.—Pybjid athe 
Health Engineering Abstracts; W.P.R.—Water Pollution Research (British); I.M.—TInstitute of cour 
Metals (British). jesir 
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Sewerage Service Charges. SAMUEL ROBERT sewage except for certain industrial wastes bj chars 
Wricut. Bul. 98 Tex. A & M Coll. IV:15:3; the industry. When rates are based of of ci 

66 pp. (Mar. '47). Periodic charges for sew- water consumption, necessary to make aah each 

erage service not in nature of rental, tax,feeor rate for users of sewerage system who hayd and 
special assessment but are utility rates. their own private water supplies. Varioug ayn 
Sewer system is public utility and charges for — methods of estg. this charge may be used. [4 gar 
service should be regarded as utility rates. many cases est. of water consumption can bf sewer 
Insofar as legal restrictions permit, sewerage made and an agreement with the compan supp 
rates should be sufficient to make sewerage reached on sewerage charges. If water con§ have 

system self-supporting by providing sufficient sumption varies considerably, the industr§ may 
revenue to pay operating expenses and debt may be required to install water meter. Oh maint 
service. Separate sewerage fund desirable. jection has been raised to water consumptiog der it 
Such a fund will enable city authorities to det. as base for sewerage service on grounds thaf servic 
to what extent sewerage system self-support- all water does not reach sewer. Water usef taxes 
ing. Advantages of a charge for sewerage for lawn sprinkling is of such small magnituég Chars 
service greatly outweigh disadvantages. that noadjustment need be made for this iten§ pot t: 
Most of objections usually advanced can be Certain industries may be entitled to som laws. 
successfully answered. Use of a sewerage adjustment for this reason, but a survey of can b 
charge rather widespread throughout U.S. — such industries can usually provide sufficieng origin. 
Approximately half of communities making data for such adjustments. Rates to custom§ means 

such a charge located in Tex. Rates based on ers outside city limits should be higher thaq 

uniform charge to all customers, number of — for customers inside city if any portion of co} What 
sewer connections, and type of property are of system supplied from tax funds. Wheg trial J 
best suited to small communities of very sewerage system entirely financed throug B. BE 
homogeneous character where inequities service charges, higher rates to customers ouif (June 
would not result from such rates. Rates based — side city may be declared to be discriminator§ Autho 
on plumbing fixtures can best be used where and cautious policy of extension of servief and cc 
the city does not own its own water system or — beyond city limits should be followed. — Billing rule o: 
when for other reasons it is not practical to periods at intervals of one month more df all ca: 
have water department do billing and collect- sirable than at more infrequent intervalf separa 
ing of sewerage charges. Metering not prac- Some inducement for prompt payment of bil addn. 
tical except for customers who contribute desirable. Discount for prompt paymet§ impart 
large vols. of sewage. Sewerage rates based more effective than monetary penalty li Charge 
on water consumption or fixed percentage of | payment of delinquent accts. In most cas type a 
water bill quite popular because of simplicity person requesting sewerage service is peri acteris 
of billing and collecting where such billing and _ billed regardless of whether he is owner § factors 
collecting can be done by water department. tenant of property. Deposit to guaramte® suspen 
Water consumption affords one of best prac- payment of sewerage charges will reduce anf deman 
tical measures of use of sewerage facilities. of uncollected bills. Amt. of deposit show to avg. 
No adjustments need be made for concn. of | be equivalent to est. of charges for 2 ™§ sewage 
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geriod. Most practical method of billing 
sewerage service Charges is to combine water 
and sewerage C harges on one bill. Bill should 
ow clearly amts. charged for water and for 
ewerage as separate items on bill. Majority 
{cities experience no difference in amt. of 
iinquency of water and sewerage accts. 
\ost practical method of enforcing collection 


4 of sewerage service charge is to turn off cus- 


wmer's water for non-payment of sewerage 
charges. Disconnection sewers may be 
diective but should only be resorted to after 
other methods have failed. Action in civil 
Most 
iesirable combination is right of creating a 
en against property and also right to discon- 
jnue sewerage service and or water service to 
property for non-payment of sewerage service 
charges. Collections from properties outside 
gf city limits can be enforced by requiring 
ach applicant for service to sign a contract 
and possibly make a deposit guaranteeing 
payment of bills. Enabling legislation nec- 
esary to grant cities right to finance new 
ewerage constr. by means of revenue bonds 
supported by service charges. Most states 
have passed such enabling legislation. City 
may collect sewerage charges for purpose of 
maint. and operation of sewerage system un- 
der its police power. Charges for sewerage 
ervice based upon property valuation are 
taxes and are subject to tax limitation laws. 
Charges based upon use of sewerage system 
not taxes and not subject to tax limitation 
laws. Annual charge for sewerage service 
can be imposed upon customer even though 
original cost of sewer paid by customer by 
means of special assessment.—Ed. 
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What Is a Fair Charge for Handling Indus- 
trial Wastes in Municipal Plants? EpmMuUND 
8. BESSELIEVRE. Eng. News-Rec. 134:825 
June 14, 45). ‘Title of article asks question. 
Author discusses principal factors involved 
and concludes quite rightly ‘‘that no general 
rule or formula can be established for 
all cases. Each case must be considered 
separately by all parties concerned, with 
addn. skilled engr. or consultant ie: 
impartially to weigh all factors. 
Charges in any particular case depend on 
type and deg. of treatment required and char- 
acteristics particular waste. Principal 
lactors involved include quant. of waste, 
suspended solids content, B.O.D., and chlorine 
demand. Variables such as relation of peak 
toavg. flow, wide fluctuation in strength of 
sewage or in in alky. or acidity or sterilizing 


of 


of 


ADMINISTRATION 


quals. that may affect sewage treatment pro- 

cesses considerations in detg. need for pre- 

treatment of waste before admitting it to city 

system and in establishing equitable charges. 
P.H.E.A. 


Reclamation Bureau Uses New Water-Serv- 
ice Contracts. ANoN. Eng. News-Rec. 
138:760 (May 1, '47). Bureau of Reclama- 
tion offering water customers in Missouri 
Basin new type contract combining water 
service and construction repayment charges 
at either fixed annual charges or rates that 


vary with actual farm income.—Ed. 

Something New in Water Rates. MErLVvIN 
P. HatcHer. Wtr. & Sew. Wks. 94:157 
(May ‘'47). Advocates a _ rate structure 


based upon minimum charge for residential, 


service charge for industrial, customers.—Ed. 
Water Rate Practices. A. E. Berry. Can. 
Engr.—Wtr. & Sew. 82:7:21 (July '44). Fol- 


tabulations of practice in Canadian 
and discussed: (1) Per- 
Trend toward 


lowing 
municipalities given 
centage of services metered. 
metering retarded by war. Most indus. and 
commercial services metered. (2) Rates 
based on assessment or rental value of prop- 
erty. Substantial number of municipalities, 
large and small, still use ‘‘flat rates."". Not al- 
ways easy to convince consumer that metered 
rates more equitable and hence elected ad- 
ministrators hesitate to adopt metering. 
Rates based on assessment conform to princi- 
ple of ability to pay rather than service rend- 
ered but practice is departure from general 
objective of providing util. services at cost. 
(3). Flat-rate schedules based on number of 
fixtures. Much more common than (2). 
Many such rate schedules related to number 
of rooms and some to number of occupants. 
(4) Meter charges. Wide variations here also. 
Some use 100 cu.ft. as unit, others 1000 gal. 
Meter rentals and min. charges also vary. (5) 
Yearly water bills for typical 5-room resi- 
dence. Figures given include, in addn. to 
water rates, frontage charges, proportion of 
taxes paid for fire protection, etc., and there- 
fore represent total cost of water. (6) Fire 
protection charges. Wide variety of proced- 
ures. Generally conceded that such charges 
should be met out of general funds, derived 
from assessment of property, not from rates 
based on consumption. Hydrant predomin- 
ant Tabulation gives charge per 
hydrant and per capita. (7) Charges to areas 


outside munic. limits. (8) Cost of water per 


basis. 
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1000 gal., including all charges.—R. E. 


Thompson. 


Water Rate Cut Ordered. ANoNn. Pub. 
Util. Fort. 33:450 (Mar. 30, ’44). Rate re- 
duction by Southern Calif. Water Co. in 
southwest section of Los Angeles and in Sun- 
land, Tujunga Wilmar and Clarmont ordered 
by state railway com. Expected saving 
$40,000 for 34,000 customers. In Bell, 
Florence-Graham, South Los Angeles, Nor- 
mandie, Gardena, Laundale and Lennox, min. 
charge of $1.15 per mo. for 1000 cu.ft. made 
uniform. Rates above min. use also de- 
creased in above areas by order which took 
effect May 1. Report submitted by Comr. 
Havenner.—H. J. Chapton. 


Water Costs, Ontario, 1942. ANon. W.W. 
Inf. Exch.—Can. Sec. A.W.W.A. 6:B:2:3 
(Dec. '44). Tabulation of water costs, in 
cents per 1000 gal., in Ontario municipalities, 
derived from report of Dept. of Munic. 
Affairs. Data summarized below.  Differ- 
ence between total and debt costs represents 
cost of maint., operation, admin., etc. Max. 
and min. figures, of course, not necessarily 
for same community. 


Total Debt 
Cities (25) 
25.1 9.4 
2.4 0.1 
10.2 3.4 
Towns (91) 
Max. 67.1 
Min. 0 
Avg, 14.4 4.7 
Villages (27) 
Max. 83.6 75.3 
Min. 2.2 0 
Avs, §—s-_—-26.6 14.1 
Townships (15) 
= Max. 70.9 35.1 
Min. 9.4 0 
Avg. 37.1 11.4 


Total and debt costs, resp., for largest cities 
were: Toronto 11.2, 6.3; Ottawa 13.3, 6.0; 
Hamilton 7.4, 4.5.—R. E. Thompson. 


Wages and Employment in the Public Utility 
Industries. Epwarp NEUNER Jr. J. Land 
& Public Util. Econ. 22:363 (Nov. '46). 
Level of earnings and stability of employment 
important factors in admin. and management 
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of public utilities because wages make up syb. 
stantial part of utility expense and affeg 
utility rates. Inadequate wages make dis. 
contented employees, bring strikes and dis. 
rupt service, causing public inconvenience. 
Extensive price regulation by public authori. 
ties utilizing techniques not flexible to speedy 
readjustments of rates could be blamed fo 
inadequate wages. Utility Wages. Series of 
charts comparing elec. light and power jp. 
dustry, street railway and bus industry, tele. 
phone industry, and mfg. industries. Charts 
indicate stability of work week in utilities 
compared to mfg. Rate of increase or de. 
crease in wages in utilities slower to react to 
business fluctuations. Avg. level of wages in 
utilities only slightly higher than lowest leve! 
of industries in ‘44. Wage Inflexibility 
Proves that inflexibility of earnings relative 
to change in price level important factor jp 
wage structure of utilities. Chart shows 
relative index value of earnings of utility and 
industry workers. Depression, '32 to 
shows less drop in wages for utility than 
industry; conversely less increase in wages 
during war years. Actual earnings of utilities 
rise and fall only slightly with business, mak. 
ing wage adjustments upward difficult in 
times of higher prices. Wage readjustment 
problem due to fixed price structure and 
monopoly. Commissions slow to authorize 
rate increase to cover higher wage levels due 
to consumer pressure. Operating expenses 
only right of commissions to influence wages 
indirectly. Management against reducing 
rates and wages in depressions because oj 
difficulty in raising them in higher level times 
Monopoly calls for specialized training of 
employees which limits their opportunities in 
industry and prevents their exodus when 
price levels rise. Common laborer remains 
with utility because of job seniority, security, 
advancement Management’ 
dependency on monopolistic position of em- 
ployees because of training tends to prevent 
wage reduction during depressions. Utility 
Employment. Stability of work week inher- 
ent characteristic of utilities because service 
Issue considered in stability 
of size of labor force. No increase or decreas 
due to minor business fluctuations. Charts 
indicate percentage reduction of utility labor 
force, although slower, equaled that of private 
industry (28%) in severe depression of ‘30s 
Displacement of workers through mechani 
tion most important factor in reduction @ 
labor forces. Explains failure of utility labor 
employment to regain '29 level during bus: 
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ness revival. Commission Control. Control 
of wages and salaries based on right to det. 
reasonableness of operating expenses. Opin- 
ion expressed by Wisconsin Railroad Com- 
mission Clearly detined duties: ‘Commission's 
duties lies between public and utilities except 
in cases of inadequate service due to wage.” 
Kansas Court of Industrial Relations only 
agency authorized to control wages and salar- 
ies. Lack of statutory authorization major 
obstacle of effective wage control in utilities 
hy commissions. A. C. Rener. 


What Can Be Done About High Construction 


Costs? ANON. Eng. News-Rec. 138:881 
(May 29, 47). Staff report on tactics re- 
quired to eliminate excessive construction 
costs. —Ed. 

Public Utilities Act Amendment. ANon. 


W.W. Inf. Exch.—Can. Sec. A.W.W.A. 6:D: 
(Apr. '44). Ontario Act amended in ‘44 
9 provide that public util. receipts, after 
meeting maint. and operation, shall, quarterly 
or oftener if council so directs, be paid to 
munic. treasurer and placed to credit of util. 
in separate acct. until debentures and other 
forms of capital debt retired and thereafter 
shall form part of general funds of municipal- 
ity. Where debentures or other forms of 
capital debt outstanding in any year &gainst 
util, treasurer of municipality shall apply 
such receipts paid over in payment of amt. 
required to be levied under any debenture 
by-law for constr., extension or improvement 
of util., or with approval of council or Dept. 
of Munic. Affairs (a) in payment of temporary 
advances for current expenditures, (b) in 
reduction of indebtedness incurred with re- 
spect to works and equip. of’ util., (c) in 
maint., repair, renewal or extension of util., 
d) in establishing reserve fund to be used at 
any future time for above purposes. Amend- 
ment further states that it shall not be nec- 
essary to levy any rate to provide for sinking 
fund and interest or other payments on acct. 
of any debentures issued by municipality for 
constr., extension or improvement of util., 
except to extent to which receipts paid over 
as above are insufficient to meet annual pay- 
ments falling due on acct. of principal and 
interest of debentures. —R. E. Thompson. 


Punched Card Accounting for Water Under- 
takings. L. Weston. Wtr. & Wir. Eng. 
Br.) 46:53 (Feb. '43). Punched card acctg. 


breaks away from traditional bound books. 
Time taken in punching less than would be 


taken to write same information. Card then _ 
used for posting stores ledgers, charging to | 
appropriate acct. or compiling job costs. _ 
One great advantage lies in facility of re- — 
using cards many times, with confidence that 

prime records not liable to alteration in copy- _ 
ing. Equip. required includes cards, punch- 
ing machine, verifying punch, automatic 
sorter and tabulator. Cards form record as — 
well as media for printing bills and producing 
summary of rates. Bill has detachable stub. _ 
On payment of acct. in full, stub detached by © 
receipting machine and dropped into locked 
box. Readings from meter inspectors’ books — 
entered on register sheet for appropriate 
meter, cConsumptions and charges extended 
and cards punched for meter readings, con- _ 
sumptions and charges. To provide for 
efficient stores acctg., each item of stock must Bae 
be easily identified. Comprehensive code — 
necessary for this purpose. Debits to stock — 
accts. provided from cards punched from sup- — 
plier’s invoice and credits from cards punched _ 


from information on requisition notes to 
storekeeper. For weekly payroll standing 
file of deductions cards used repeatedly. 


Each week cards for gross earnings punched 
from clock records and sorted with corres- 
ponding deductions cards into workman's 
number order, and payroll tabulated. Since — 
dividends paid on stocks and shares of water 
undertakings at fairly const. rate, punched | 
cards may be used to advantage in making up | 
dividend warrants and _ dividend sheets. 
Production of monthly statistics essential to 
modern business management. Some form _ 
of mechanized acctg. necessary to compile _ 
statistics promptly enough to make good use| 
of information.—H. E. Babbitt. a 


Financial Regime in the Modification Plan of 
Basic [ Argentinian |] Laws [ Governing Federal 
Sanitation Services]. ANon. Bol. Obras 
Sanit. Nacion (Arg.) 6:263 (Oct. Dis- 
cussion of financial provisions in plan drafted _ 
by Bd. of Directors of Natl. Dept. of San. 
Works for revision of basic laws governing 
Dept.’s activities. Outstanding features of 
proposed plan are: Annual appropriation of A 
lump sum, not to exceed 100 million pesos, for 
the extension and maint. of sanitation serv- | 
ices throughout nation; establishment of _ 
uniform rates for all govt. operated utils.; _ 
financing of new work through bond issues; 
pooling of revenue from all localities into one : 
acct. for purpose of covering all operating 
expenses and financial services (interest, bond 
retirement, etc.); and levying of direct general 
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tax to cover possible future deficits if they 
arise as a result of establishment of uniform 
rates and maint. of ever-increasing number of 
necessary free services. Yearly lump sum ap- 
propriation considered preferable to itemized 
annual budget, required by the present stat- 
utes, because it would provide greater flexi- 
bility in planning and execution of projects. 
Flexibility considered essential to effective 
utilization of available money, since past ex- 
perience has shown that, from time prelim. 
studies made to time work done, almost every 
project undergoes appreciable modifications 
dictated by actual conditions to be met, 
which, in turn, influenced by unpredictable 
changes which take place in community dur- 
ing unavoidable delay. Direct general tax 
justified on basis that it can be looked upon 
as public health tax, since works which it will 
help maint. are national health safeguards and 
since focal point of infection anywhere in 
republic constitutes menace to all inhabitants. 
—J, M. Sanchis. 


When Is Your Municipality Liable for Flood 
Damage to Property? Lro Tl. PARKER. The 
\merican Home (Apr. '46). Municipality 
ordinarily liable in damages for injury to 
private property resulting from negligence of 
its officials if performing ‘‘ministerial’’ as 
distinguished from ‘“‘governmental”’ functions. 
“Governmental” functions include operation 
of municipal works or services for which no 
charges made and no profits accrue, such as 
fire or sanitation depts. ‘‘Ministerial’’ func- 
tions consist of operation of water, gas, elec. 
or similar services for which citizens pay estab- 
lished rates. Modern higher courts consist- 
ently hold that a city is liable for damage to 
private property if owner proves that city 
officials failed to act on advance information 
that a water pipe was defective or leaking. 
City not liable for damages resulting from the 
leaking or bursting of pipes owned and con- 
trolled by the owner of the private property, 
such as service lines; however, if a city official 
orders a municipal employee to inspect such 
service pipes, then the city automatically and 
impliedly assumes liability for any injury to 
property caused by negligence of the employee 
in failing to repair the leak. The sewer law 
different, in that the higher courts all agree 
that municipality cannot create and maintain 
a legal nuisance which results in injury to 
person or property without its being subject 
to liability. Instance cited where court held 
city liable for nuisance created by operation 
of its sewer system even though exercising a 
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LITERATURE | Jour. AWWA 
governmental function in maintaining the 
sewer. Supreme Court has ruled that munj. 
cipality is mot responsible for mistakes jn 4 
duly adopted plan of sewage, ts responsible 
for defective original construction of a sewage 
system which defect not inherent in the plan 
itself, and is liable for failure to exercise 
ordinary care if system causes damage op 
account of becoming out of repair to the 
knowledge of its officials. Several cour 
verdicts cited relative to subjects mentioned, 


E d 


Settling Claims for Water Damage Caused by 
Hydrant Breakage. R.B. CHANDLER. Wer. 
& Sew. 83:9:25 (Sept. Break in hydrany 
boot in Port Arthur, Ont., Public Utilities 
Com. water system flooded 4 store basements 
to depth of up to 36”... Hydrant connection 
and boot had been in service some 40 yr. 
Cause of break undetd. Damage appraised 
at about $13,000 and friendly settlements oj 
$8,645 made.—R. E. Thompson. 


Qualifications and Tests for Welders. \\ 
Witson. New Zealand Eng. p. 73 (Jan. 10, 
47). Study of quals. to be sought in selection 
of trainees for welding and tests employed in 
such selection. Requirements for good welder 
are keenness, hand steadiness, evesight condi- 
tions including quick recovery from dazzle, 
color discrimination, estn. of slant lengths and 
of shapes and fine lines, physique with 2 main 
necessities—lung capac. and speed of reaction 
and mechanical aptitude. Recommended 
tests described: For eyesight: color discrimina- 
tion by naming correctly 8 colored discs rang- 
ing from white through cream, lemon yellow 
and orange to crimson; fine line discrimination 
by counting series of finely spaced parallel 
lines (chart used has 41 lines per inch in 
rectangle 1)" & 1’’); slant lengths by wires of 
different lengths driven into board at angle of 
about 65°, lengths estd. from above; shape by 
identifving and estg. various small shapes. 
Recovery from dazzle by bright light switched 
on and off, then time measured before line of 
print can beread. Physique: By deep breath- 
ing, test useful in making long weld evenly; 
speed of reaction taken on gramophone turn- 
table with 2 push buttons on paper dise, 
trainee sees first button pressed then at once 
presses the other, distance between 2 marks 
being measure of his time-lag. Hand steadi- 
ness: By low voltage bell-circuit connected 
between a rod and a cylinder, trainee has to 
slide cylinder (on a handle) slowly along roé 
at specified rate without touching the two 
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together, thus making bell ring. Mechanical 
aptitude: Parts of mechanical device have to 
be fitted together within specified time. 
Training of welder expensive, and at the end 
of course it may happen that a student has to 
be discarded through his lack of even one of 
necessary qualifications.—Ed. 


The Training of Water Engineers. ANon. 
Engineering (Br.) 160:52 (July 20, '45). In 
‘42, Inst. of Civ. Engrs. published ‘‘A Memo- 
randum on Engineering Education,” in which 
it is stated that ‘‘there is an inevitable de- 
mand for specialization, but universities have 
so far been successful in resisting over-special- 
ization.’ There is clearly an ambiguity in 
this sentence: specialization and over-special- 
ation not the same. These remarks in- 
duced by “Report on the Recruitment and 
Training of Water Engineers,’’ recently pub- 
lished by Inst. of Water Engrs. Report 
refers to water engineering as “Specialized 
vocation”’ but admits that “its basic educa- 
tional requirements . to be found in the 
civil engineering curriculum.’"’ Arguments 
in favor of special training for water engrs. 
may be applied with equal propriety to 
sewage works engrs. Water engrs. per se 
comparatively small body and special curri- 
cula can hardly be introduced for benefit of 
few. Tendency to claim this or that type of 
activity is of so special a nature that it should 
be practiced only by certificated individuals. 


Example provided by contention, many 
times advanced in papers’ read before 
AW.W.A. that water works attendants 


should be required to be of specific profes- 
sional status before they can be engaged. 
Creation of closed trades or professions would 
greatly limit opportunities available to 
younger men. Possible to obtain degree in 
“municipal engineering’? at Univ. of Man- 
chester. Extension of this facility, prefer- 
ably under better term, ‘public works engi- 
neering,’’ would be best way to meet claims of 
Inst. of Water Engrs.—H. E. Babbitt. 


The Training of Water Works Employees 
With Special Reference to the Metropolitan 
Water Board. L.C.Wuiskin. Wer. & Wtr. 
Eng. (Br.) 48:309 (Midsummer '45). In 
past four years Board has established several 
schemes for training of employees and train- 
ing school has been instituted. In May ‘40 
“jointers school’ was established to train 
jointers in groups of about six. Training 


consisted chiefly of yarning, running and 
setting-up of socket and 


collar joints on 
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larger sizes of c-i. pipes. By Sept. 40, 86 had 
received training. 30 per cent found to be 
good jointers on all sizes of mains. In Dec. 
‘40 scheme was extended to include asst. 
turncocks, trenchmen, etc., and training was 
extended to include laying of pipes, regulation 
of joints, making of lead joints, cutting pipes, 
making of flanged and saddle joints, fixing of 
muffs on defective socket and collar joints, 
pinning and strutting of caps, making of 
flexible joints, use of pipe stoppers and con- 
nectors for emergency use, drilling and tap- 
ping of mains, dismantling and repacking of 
valves, maint. of air valves in hydrants, etc. 
Period of training was usually 3 wk. but 
varied from 1 to 5 wk. Employee under- 
going course required to reach std. before 
qualification. 
and 230 became proficient. In Feb. 
Instruction was in making of 
In- 


commenced. 
“wiped”’ and ‘‘cup and cone’’ joints. 
struction was on Board’s time from 9:00 A.M. 
to 3:30 p.M. and men received travelling ex- 
penses. School has provided opportunities 


for carrying out tests including: (1) methods 


of making flexible pipe joints, (2) use of c-i. 
split collars for repairs. (3) materials for 
packing of joints, (4) cutting of metal spun- 


295 employees took training | 
training in plumbing of elemental nature 


iron pipes by hand, (5) eff. of certain patent | 


joints, (6) making of lead joints on steel pipes, | 


(7) alternative materials for making joints, 
and (8) sterilization of small mains. It is 
proposed to carry out expts. in elec. and oxy- 
acetelyene welding. Arrangements 
with education officer of London County 


Council for courses of instruction in subjects 
Course 


bearing on work of inspectors. 
divided into 2 parts: (1) includes: arithme- 
tic, hydraulics, drawing, report writing and 
practical plumbing. Courses occupy 3 hr. 
per wk. over 9 mo. on Board time and ex- 
pense. (2) includes: statutory powers; by- 


laws for detection, prevention and suppression | 


of waste, and their application in practice; 
water supply systems in premises; meters; 
and fire supplies. 
based on booklet entitled ‘‘Notes on Water 
Supplies.” Tests held at conclusion of both 
parts of courses. 


made 


Course given in 12 lectures 


Taking of courses volun- 
tary for inspectors appointed before Oct. '41_ 


and compulsory for probationary inspectors — 


appointed after that date. 
inspectors, first class, raised from 25 to 35% 
of inspector rate after introduction of training 
scheme to provide more opportunities for 
promotion. Chlorination attendants first 
medically examd. Then required to study 


Number of 


+ 
| 
& 
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booklet on chem. exam. and treatment of 
water. On satisfactory test and as vacancies 
occur promoted to Class II and required to 
take complete course of training. Arrange- 
ments for course made with London County 
Council. Courses include: arithmetic, alge- 
bra, elementary physics and chemistry. 
Courses cover 3 hr. per wk. over 2 terms of 
12 wk. each. Trade apprentices engaged for 
5 yr., serving probationary period of 1 yr. 
Required to continue education in their own 
trade during apprenticeship, and to leave 
after termination of articles to obtain wider 
experience. Hoped that other training 
courses in connection with distr. may be 
established. Instruction contemplated: gen- 
eral regulations, duties, and practices; shut- 
ting-down, emptying, charging and airing of 
mains; prevention of poln. of existing mains 
and new pipes during laying; sterilization of 
mains; pipe laying contracts; reading of 
plans; measurements and_ sketches; etc. 
Training schools might be run by larger water 
works and made available to neighboring 
authorities. Discussion: Brian L. McMIL- 
LAN: Wages in water supply industry not 
high and best types of men not always at- 
tracted to industry. Principal trade unions 
to which water works employees belong are 
regarded as unskilled workers unions. Cost 
of water now too cheap and public can afford 
to pay for improved service. Text book 
dealing with practice of water main laying 
lacking. R. R. TispALE: Workmen appreci- 
ate training very much. Author's reply: 
Quite easy for Metropolitan Water Board, 
with over 7700 employees, to set up training 
schemes. Difficulties that smaller works will 


encounter are not insurmountable.—H. E. 
=> 


Influence of Small Quantities of Copper and 
an Active Form of SiO, on Iron Removal. W. 
KAUFFMANN. Water (Neth.) 31:60 ('47). 
Rate of oxidation of iron proportional to 
concn. of ferro ions, oxygen concn. and pH 
org. material, acting as protective colloid, re- 
duces rate of change of iron hydroxide sol to 
gell. Rate of change increases with increas- 


ing pH values. Aeration and filtration may 


be sufficient; in some cases KMnQO, needed, 
but with some types of water addn. of KMnO, 
not effective in aiding removal of iron. To 
aid oxidation Cu can be used because it in- 
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The Water Undertaking and Its Contribution 
to the Nation’s Health. DoNALD WuirteLry 
J. Roy. San. Inst. (Br.) 65:264 (Oct. '45). 
After brief historical survey of development 
of munic. water supplies, author outlines 
legal status of British systems under Water- 
works Clauses Act of 1847, Public Health Act 
of 1875 and Rural Water Supplies and Sew- 
erage Act of 1944. Relation of water purif. 
to water-borne diseases discussed at some 
length. Optimistic views expressed on bring- 
ing up to date hundred-year-old obsolete 
machinery of water works admin. Rural 
Water Supplies and Sewerage Act of 1944 big 
step in this direction, and Water Bill 1945 has 
obtained its third reading in House of Com- 
mons. This bill is attempt to arrive at 
system of water supply in keeping with times 
and in accordance with national policy de- 
fined to insure planned and economical use 
of water resources of country and eff. admin. 
of water supply systems. Proposals based on 
3 main principles: (1) Adequate control of 
water supply services to be insured. (2) 
Responsibility for water supply to rest with 
democratic bodies. (3) Sectional interests 
to be subordinated to national interest. To 
give effect to these principles, Parliament 
asked to grant powers to: (a) establish central 
advisory water com.; (b) establish local joint 
advisory water coms.; (c) set up machinery 
for amalgamation of undertakings, if neces- 
sary compulsorily; (d) provide for acquisition 
of land and water rights, if necessary by 
compulsory purchase; (e) strengthen powers 
for protection of water sources against poln., 
waste and misuse; (f) enlarge duties, powers 
and responsibilities of local authorities as 
regards distr.; (g) modernize water works 


code.—P.H.E.A. 


creases rate of oxidation of SOs to SO, and 
oxidation of vitamin C, and traces of Cu fre- 
quently present in surface water. Cu (as 
CuSO,) added to raw water and removal of 
ferro determined with aa’ dipyridyl. Results 
showed oxidation of ferro to ferri in aerated 
water required 180 min.; with 0.01 ppm. Cu 
little effect noticed; with 0.1 ppm. time was 
reduced to 30 min., and with 1 ppm. Cu to 10 
min. At another place, where oxidation time 
required was 90 min., 0.1 ppm. Cu reduced 
time to 18 min. Results obtained on effect 
of pH showed that rate of oxidation decreases 
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values, but effect of Cu 
catalyst still noticeable. Studies with other 
metals, including Ag, Pt, Pd, Hg, Pb, Sn, V, 
Tl, Ti, Sr, Mo, ir, Ni; ¥, La: Cs, Co; Rb, T 
Li, Sb, showed that none of these had cataly- 
tic effect. Cu has no effect on rate of coagu- 
jation of iron hydroxide formed. Raw aerated 
water from 3 sources showed slowly forming 
wrbidity and formation of colloidal iron hy- 
droxide on standing, but no flocculation even 
by continuous stirring. Addn. of silica sol 
(optimum about 4.5 ppm. with 8 min., agita- 
tion) produced large, rapidly settling flocs, but 
there was some variation in flocculation time 
required.— W. Rudolfs. 
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Effect of Small Quantities of Copper and 
Active SiO, on Iron Removal. W. Kaurr- 
MANN. Water (Neth.) 31:72 ('47). Lab. 
expts. showed that iron could be removed 
from water with aid of small quants. of Cu 
and silica sol. Large flocs are formed which 
can be readily settled. If manganese present 
small quants. of Cu aid removal. Possible 
that manganese oxidizing bacteria are sus- 
ceptible to Cu; Cu probably adsorbed by floc. 
Studies to det. form of SiOz in water required, 
but diffcult.—W. Rudolfs. 


Two-Compartment Cell Softens Water Elec- 
trolytically. Lire STREICHER. Civ. Eng. 16: 
312 (July °46). Article describes briefly 
mechanism of softening and anion reduction 
achieved in 2-compartment electrolytic unit. 
Diagrams shown of basic 2-compartment and 
3-compartment cells and of exptl. unit con- 
structed at softening and filtration plant of 
Metropolitan Water Dist. of Southern Calif. 
Table included showing qual. of water pro- 
duced from natural Colorado R. water by 
electrolytic process, and power requirements 
for various degs. of treatment. It is indicated 
that further exptl. work will be necessary to 
det. feasability of this process for large munici- 
pal installations from operating and economic 
standpoint; exptl. industrial and domestic 
units have been operated successfully for 
some time by designer of 2-compartment 
electrolytic unit.—P.H.E.A. 


Chemical Water Softening by the Lime-Soda 
and Phosphate Processes. M. REIGNER. 
Chaleur et ind. (Fr.), 27:149 ('46). Theory 
of lime-soda water-softening process reviewed. 
Theoretical reduction of Ca and Mg content 
not secured by usual processes owing to 


fifficulty of removing submicroscopic particles 
of CaCO; in reasonable time. 


Muc h better 
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results secured by bringing treated H.O into 
contact with fine CaCO; or dolomite particles 
in a conical ““Gyractor’’ in which gyratory 
action insures entrainment and removal of 
submicroscopic particles. In this app., sub- 
stantial equil. secured in 5-10 min. Part of 
coated CaCOs particles removed periodically 
and replaced by fresh material; discarded 
material much easier to dispose of than usual 
sludge. Silica scale formation greatly re- 
duced by suitable treatment. Raw water is 
degasified at 100°C., followed by addn. of 
excess of milk of lime, and Alz(SO,); to act as 
flocculant; a Mg salt added if Mg content low. 
H.O then filtered through dolomite or Magno 
compd. Treatment with NaHCO; and con- 
tinuous blowdown as well as conditioning with 
phosphate also suggested. This combined 
procedure has permitted lowering of silica 
content from 30 to 3 mg./l. While NaOH 
may be substituted for milk of lime, it is more 
expensive, does not have demineralizing effect, 
and tends to cause difficulties due to carbonate 
formation, followed by evolution of COs and 
hydrolysis of carbonate. Use of hexameta- 
phosphate for conditioning cooling water and 
boiler feed water discussed—C.A. 


Operation of Organic Zeolite Water Softeners 
to Prevent Channeling. JOHN J. FELSECKER. 
U.S. 2,412,328 (Dec. 10, '46). Tendency of 
upward-flowing water to channel when veloc. 
drops below 2—3 gpm. per sq.ft. of zeolite bed 
overcome by adding to flow some water that 
has already been treated. Added advantage 
in case of org. zeolites is reduction of color 
throwing—C.A. 


The Production of Zeolites From Bituminous 
Coal. C. C. LA GRANGE & A. J. PETRICK. 
J. Chem., Met . Mining Soc. S. Africa, 45:235 
(45). Treatment of S. African coal with SO; 
at 160°C. yielded zeolites which compared 
favorably with commercially available pro- 
ducts. Attrition showed that better 
product obtained if hard coal chosen as raw 
material and if activation not carried out to 
max. In order to convert H zeolites to Na 
zeolites it was found advantageous to use 


NaCl soln.—C.A. 


tests 


Treatment of Water by Suppressing the Ions 
of Alkaline Earth Metals. Amsrose G. 
TAYLOR (to Calgon, Inc.) U.S. 2,405,276 (Aug. 
6, '46). Water to be used for rap or 
indus. purposes treated with insol. Na meta- 


phosphate (Maddrell salt) or Kurrol 


salts 
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(Na or K hexametaphosphate). Prepn. of 
both these salts described in detail. 6 ex- 
amples included indicating various methods 
of prepn., properties and applications of salts 
obtained. Illustration of one such example is 
following: In laundry practice important that 
Ca or Mg soaps not deposited at rinsing stage. 
Water to be used in such operation may be 
softened by adding soln. contg. 2$ Ib. Kurrol 
salt and 5 Ibs. K2SO, in 10 gal. water. If 
water contains 200 ppm. Ca hardness (ex- 
pressed as CaCO;) amt. required to treat 
1000 gals. will be 2.88 gal. In comparison 
to Graham's salt, salts described much more 
stable and maint. their complex formation for 
long periods of time at b.p. Salts nonhygro- 
scopic and may be exposed to atm. for long 
periods of time.—C.A. 

Phenomena of Ion Exchange and Simultane- 
ous Adsorption by Free Humic Acid or Humic 
Acid Associated With an Inorganic Supprt. 
MME. ANDREE BOUTSERIN-GALLAND. Bul. 
soc. chim. (Fr.), 12:116 (’45).  lon-exchange 
powers of 2 widely different lignite samples 
and of humic acid prepd. from one of them 
compared by treatment with CaCl: solns. 
It has been thought that presence of impurities 
in samples prin. cause of cation-removing 
power, but these studies show that this is not 
true. Removal of impurities, so that samples 
with very low ash are obtained, often results 
in greatly enhanced ion-exchange properties. 
Removal of Cat*t* from CaCl soln. partly 
result of formation of loose chem. compd. but, 
at same time adsorption plays important role. 
When, by treatment with concd. H2SQu, very 
porous body obtained, quant. of Ca** re- 
moved by given wt. of exchanger greatly 
Method of prepg. very pure humic 
It was impossi- 


increased. 
acid from lignite described. 
| 
‘ 


Increasing the Efficiency of Diatomaceous- 
Earth Filter Candles. H. Hoek. Gas-u. 
Wasser. (Ger.) 87:145 ('44). Effect of sus- 
pended and colloidal matter and iron and 
manganese in soln. in water on length of filter 
runs in kieselguhr filter candles discussed. 
Usual methods of treating water for removal 
of these substances before water filtered often 
unsatisfactory. Use of filter aids investi- 
gated. When diatomaceous earth in form of 


kieselguhr or special prepn, ‘‘Berkesil’’, added 
continuously, at rate of 60 to 120 g./cu.m., to 
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ble to dry product by heating 4 months ay 
70°. Humic acid liberated from alk. soln. by 
addn. of H:SO, could not be washed with aid 
of centrifuge unless it was considerably dild, 


-C.A, 


An Experimental Study of the Effect of Soft. 
ened Waters on Fish. L.F. MILLER. Ecol. 
ogy. 25:249 ('44). Expts. made to det. 
toxicity of softened waters to fry of Great 
Lake trout, Cristivomer namycush, to blackfin 
minnow, Notropis umbratilis, and to silver. 
mouthed minnow, Ericymba buccata. Fish 
kept in waters at temps. corresponding to 
those in which they had been living; waters 
aerated thoroughly before tests began but not 
aerated during tests. Five fish used in each 
test and avgs. of periods of survival of each 
group of fish calcd. Waters tested included 
supply softened with lime, supply softened 
with lime-soda, supply softened by ion ex- 
change, and deep-well water which was aerated 
but not given chem. treatment. All chlorin- 
ated samples de-chlorinated before use. 
Nearly all samples of softened water killed all 
3 species of fish. Water softened by ion 
exchange and mixed with equal vol. of distd. 
water not toxic to any of species. The toxic- 
ity of samples varied with length of time 
sample had been kept after softening, with 
pH value of water, and with deg. of softening 
or of diln. of softened water with distd. water. 
Tests made on toxicity of individual salts 
assumed to be present in 3 waters. In conens. 
present in waters none of salts toxic except 
sodium bicarbonate, which was however not 
toxic in presence of other salts. Tentatively 
concluded that toxicity result of disturbance 
of ionic balance in waters and not entirely due 
to hydrogen ion concen. or to deg. of hardness. 


Is 


water to be filtered, length of run of filter 
candles increased by 5 to 10 times. Sus 
pended matter became entangled in diatom- 
aceous earth which was deposited on outside 
of filter candles. Good results obtained by 
treatment of well water with kieselguhr, but 
with surface waters addn. of kieselguhr in 
these amts. insufficient to form, at beginning 
of filtration, deposit sufficiently thick to pre- 
vent accumulation of slime on actual surface 
of candles. Filter runs 4 to 6 times nornfil 
length were, however, obtained with water 
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contg. much colloidal matter when larger 
amts. of kieselguhr added in early stages of 
filtration. When Berkesil, which is prepd. 
with base of kieselguhr and which has high 
adsorptive capac., was used, bacteria, sus- 
pended matter, color, and taste were removed 
in filter candles. At end of filtration period 
deposit of filter aid easily removed by spraying 
or rinsing. Method of adding filter aid to 
water treated in small filters operated by 
hand and in large filters mechanically con- 
trolled is discussed.—W.P.R. 


Removal of the Cercariae of Schistosoma 
Mansoni From Water by Filtration Through 
Diatomaceous Silica in a Small Model Filter. 
Myrna F. JONES & FREDERICK J. BRaApy. 
US. Pub. Health Repts., 61:1538 ('46). 
Tests made to det. eff. of small model diatom- 
maceous silica filter in removal of cercariae of 
Schistosoma mansoni from raw water. Cer- 
cariae added to precolating soln. found to be 
present in water passing filter for as long as 
12 min. after beginning of recirculation even 
though filtered water appeared visibly free 
from turbidity within 1 min. after beginning 
of recirculation. When cercariae added to 
the influent water after diatomaceous silica 
deposited on diaphragm, none recovered in 
effluent in any of nine expts. in spite of use of 
3 grades of diatomaceous silica, use of low and 
high pressures, and use of slow and rapid 
filtration rates. —C.A. 


The Chemical Constitution of the Organic- 
Inorganic Deposit Found on the Surface of a 
Submerged Sand Filter. JACQUES WAUTIER. 
Compt. rend. (Fr.) 220:571 (’45). Slime on 
sand filters consists of humus and mixt. of 
other org. substances high in Fe. Avg. H2O 
content of coating 65.0, carbonate 30.9, and 
org. matter (dry basis) 24.9%. Org. fraction 
avgd.: cellodextrose 1.2, org. Fe salts 0.9, acid 
humus and humomelanine 1.4, fulvic acid 1.1, 
mineral elements, cellulose, lignin, and 
humins 95.1%. C content of org. matter 
12.5 and N content 0.56%, giving C/N ratio 
of 22.5 Fe before ashing 0.036 and after 
ashing 0.039%. Fe higher than would be 
expected from content of water of Seine R., 
probably because of action of Fe bacteria. 
CA, 


Filter for De-aeration of Water. F. G. 
PROKHOROV & K. A. YANKOvSKII. U.S.S.R. 
66,054 (Mar. 31, '46). To prepare a filter for 
de-aeration of water, granular sulfonated coal 
washed with 1° HsSO, to remove all the 


cations but H, washed with H.O or with alk. 
H.O until alky. of coal is same as that of H»O 
to be de-aerated, then washed with soln. of 
FeSQO,, and finally with H.O until wash water 
free of Fe.—C.A. 


The Use of Anthracite as a Filter Medium. 
E. L. SrREATFIELD. Wer. & Wtr. Eng. (Br.), 
49:662 (Dec. '46). Extensive use of anthra- 
cite in America since 35. In ‘41 there were 
1100 filtration plants using anthracite. Angu- 
lar particle of anthracite more eff. than same 
size sand having roughly spherical shape be- 
cause of greater surface area. Coarse anthra- 
cite will effect same turbidity removal as fine 
sand. Being essentially carbon, anthracite 
does not react chemically with gelatinous mat- 
ter enveloping it. It is advantageous in hot 
lime-soda process as, unlike sand, it does not 
contribute silica to water. First municipal 
plant to increase its capacity by use of anthra- 
cite was at Little Falls, N.J. Industrial plants, 
notably Hammermill Paper Co. at Erie, Pa., 
have increased filter capac. by use of anthra- 
cite, capac. doubled in some. At Bristol 
(Eng.) filter beds consisted of depth of 2’ of 
sand with eff. size of 0.75 mm. supported on 
gravel bed. In May '44 replaced by anthra- 
cite with eff. size of 0.5 mm. Immediately 
filter runs increased 4 to 5 hr. with improved 
water qual. Subsequent improvements have 
increased filter capac. 25-100%.—H. E. 
Babbitt. 


Neutralization of Acid Waters With an Upfiow 
Expanded Limestone Bed. Harry W.GEHM. 
Sew. Wks. J. 16:104 (Jan. '44). This paper 
reports results of expts. conducted under fel- 
lowship grant from National Lime Assn. to 
det. practical soln. to problem of certain acid 
wastes treatment. App. of lab. size, using 
filter 1 sq.in. in cross sectional area, 30-gal. 
drum for storage of acid waste, pump, control 
valve and pH electrodes in effluent, with 
graduated cylinder for measuring quants. 
Upflow filter found to give better neutraliza- 
tion at higher flows for longer periods than _ 
downflow filters because ppt. formed by oa 
action did not accumulate on stone but was — 
washed out continuously along with CQOb. 
Factors studied were: type of stone, bed 
depth, acidity of waste and size of stone. 
Results indicated that any high grade lime- 
stone satisfactory; that capac. increases in 
linear relationship as bed depth increases and 
as acidity decreases; and that practical stone 
size ranges from 7-30 mesh. Indications are © 
that with const. acidity and rate of flow, con- 
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tinuous pH meter in effluent can be so ad- 
justed that new limestone added as bed depth 
decreases (due to dissolving of stone) so that 
eff. of bed maintd. at desired level. Sulfuric 
acid wastes must be dild. to not more than 
about 5000 ppm. to prevent pptn. of calcium 
sulfate on stone. Rate of application may 
vary between 20-80 gpm./sq.ft. Bed depths 
usually should be 2-4’... Treatment of 100,000 
gal. of nitrocellulose waste per day with min- 
eral acidity of 12,000 ppm. would require: bed 
3’ deep and only 3 sq.ft. in area, pump of 160 
gpm. capac. against required head, method of 
dilg. waste with 1.2 times its vol., and device 
for storing and feeding 5 tons of limestone per 
day. Over 2 tons of COz would be produced 
daily, necessitating either collection or ex- 
hausting to exterior. Attempts to use such 
process should be preceded by pilot scale tests 
to det. effect of contaminants if present. 


PALESA. 


Kingston [Ont.] Filter Plant and Intake. 
Anon. Wtr. & Sew. (Can.) 83:9:21 (Sept. 
45). Extensions planned in '39 postponed, 
but conditions in ‘41 necessitated action. 
Since '39, pop. increased 35°), from 24,900 to 
33,557, exclusive of army personnel, which 
brought estd. number served to 40,000. Con- 
sumption increased 80%, from 3.8 to 6.9 mgd. 
Extensions, which $216,000, included 
temporary pumping station with two 4.3-mgd. 
gasoline and motor-driven pumps, and new 
intake. Latter has capac. of 16 mgd., is 30” 
diam., 1200’ in length and terminates in 55’ 
depth of water. Steel pipe, built up of 
cylindrical sections of 3” plate, was butt- 
welded into 40’ lengths with flanged joints, 
and 3 lengths assembled on floating plant and 
laid in trench, using Dresser couplings. When 
water depth exceeded 30’, pipe laid on lake 
(Ontario) bottom. In trench, pipe supported 
on cloth cement bags, contg. 1:7 cement-sand 
mixt., placed 3.5’ from either side of every 
joint and at 11’ intervals along pipe. Trench 
then filled with sand and gravel. Outer end 
terminates in 90° elbow, flared to 4’ diam., in 
timber and concrete crib and protected on top 
by reinforced concrete slab 10’ square, 6” thick 
and 18” above lip. Shore end terminates in 
reinforced concrete well, in which 
there are screens of No. 12 bronze wire, 2.5 
meshes to in. Filter and pumping plant 
planned consists of mixing and settling tanks, 
four 2-mgd. gravity rapid sand filters, and 
700,000-gal. reservoir. Elevated tank, 0.5- 
mil.gal. capac., also provided for. Cost will 
be $709,000 and, including fixed costs, maint. 
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and operation, will add 3.4¢ per 1000 gal, tg 
cost of water. Present rate structure jp. 
cludes meter rates varying from 11.2¢ to 48¢ 
per 1000 gal., with 10% discount for prompt 
payment, and yearly flat rates based upon 
assessment. Avg. revenue from latter is 
$7.04 per service per yr. New schedule wil} 
include meter rates of 10¢, 12¢ and 14¢ per 
1000 gal., with 10°, discount, and flat rates 
based upon number of rooms and fixtures, 
Lawn-sprinkling charge will be restored, 
Also, fire protection charge of $38 per hydrany 
per year will be instituted. Estd. that ayg, 
meter rate will be 9.5¢ per 1000 gal., with avg, 
meter rental of $7 per yr., and avg. flat rate 
bill $9 per vr.—R. E. Thompson. 


The Nitrifying Filter at the Ryton Water 
Works of Coventry Corporation. Anoy. 
Wtr. & Wtr. Eng. (Br.) 48:550 (Oct. 45), 
Coventry Corp. obtained powers to abstraet 
up to 10 mgd. (Imp.) from River Severn, 
Outbreak of war prevented proceeding, 
Temporary water works near  Ryton-on- 
Dunmore, to abstract and treat water from 
River Avon decided upon. Original scheme 
was for 1 mgd. (Imp.) and water was pumped 
into supply from this source in '41.  Exten- 
sion for abstraction of further 1 mgd. com. 
pleted in ‘44. Water seriously pold. with 
sewage and trade effluents. Decided to expt. 
with nitrifying filter similar to filters used in 
sewage purif. to see whether ammonia present 
in raw water could be effectively oxidized. 
Filter built with capac. of 780 cu.yd. and was 
put into operation July 26, '45. Reduction 
in ammonia taken with exptl. filter results is 
substantial proof that nitrifying filter pro- 
vides means of controlling amt. of ammonia 
in raw water sufficient to insure continuous 
chlorination of filtered water to break-point. 
Filter, as designed, 48’ square, of reinforced 
concrete, capable of retaining depth of wet 
gravel of 8’. Pipe work and jets must be seen 
in operation to realize fineness and evenness of 
spray into which raw water is broken up.— 
H. E. Babbitt. 


Rebuilding Filters at Windsor, Ont. G. 
HupSON STRICKLAND. Wtr. & Sew. (Can) 
83:10:27 (Oct. '45). Six of 10 rapid sand 
filters, in service 19 yr., recently overhauled. 
Originally, filters contained 8” of 2 to {’ stone, 
6” layer of cemented 3" stone, 1’’ torpedo 
sand and 36” sand of E.S., 0.45 mm. and UC. 
1.2. Underdrains made up of c-i. manifold, 
with umbrella-type strainers on top, and ca. 
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pottom, all openings toc. Cracking and 
mounding absent and mud balls small (approx. 
") and c fined to surface. Upper 6” sand 
slightly c« vated and k dss in 19 yr. less than 5%. 
Violent agitation during wash in certain areas, 
however, indicated partial disintegration of 
cemented layer. Filters divided into 2 parts 
by wall and all sand transferred to half filter 
alternately while replacing gravel. Cemented 
laver had disintegrated, but mounds and de- 
pressions were not more than 4” from normal 
grade and lower gravel layers not disturbed 
but coated with slimy clay-like material. In 
one filter, only 9 of 2016 openings in under- 
drains clogged and only one umbrella-type 
strainer partly clogged. In another, no open- 
ing clogged. All openings checked and re- 
made before replacing gravel. Although 
original design apparently effective, conven- 
tional practice followed in replacing gravel in 


3 lavers varying in size from 2 to 4” diam., 
cemented layer being omitted. Indicating 


gages for rate of rise of wash water installed in 
each filter, together with master recording 


gage. —R. E. Thompson. 


New Water Filtration Plant for Wallaceburg, 
Ont. NorMANG. McDonaLp. Wtr. & Sew. 
Can.) 83:12:11 (Dec. °45). Plant serves 
town and canning plant which corp. agreed to 
supply with 3 mgd. Former intake in River 
Chenal Ecarte and pressure filter plant aban- 
doned and new facilities constructed nearer to 
canning plant. Domestic supply filtered at 
all times but that for canning plant, except for 
small supply for drinking purposes, filtered 
only during spring, when river water turbid, 
and chlorinated continuously. New intake, 
with capac. of 6 mgd., draws water from east 
bank of River Chenal Ecarte at depth of 10’. 
Low- and high-lift stations provide for extreme 
variations in demand and include standby 
gasoline engine power. One low-lift pump 
has dual elec. motor drive, 15-hp. motor for 
supplying domestic service and 40-hp. motor 
both domestic and part of seasonal industrial 
demand. Purif. plant includes dry-feed ma- 
chine for alum, spiral-flow mixing chambers, 
settling tanks, and 2 rapid sand filters of 
nominal capac. of 1.1 mgd. each but capable 
of being operated at 1.5 mgd. for short periods. 
Alum required only when turbidity of raw 
water exceeds 10 ppm. Filter beds 18” 
graded gravel and 24” sand with E.S. 0.51 
mm. and U.C. 1.4. Underdrains DeLav- 
aud centrifugally-cast Fe pipe with bronze 
nozzles variably spaced to give uniform rate of 
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wash, with water pumped directly from 0.25-_ 
mil.gal. storage reservoir. Surface wash pro-— 
vided by rotating Palmer agitator operating 
at 75 psi. Filter plant automatically _. 

trolled by reservoir level and high-lift pumps 
and chlorinator by level in standpipe. Cl 
dosage 0.4—0.5 ppm. for canning plant supply | 
and 0.3 for town supply. ClO. treatment 4 
be used for removing taste, believed due to - 
industrial wastes, which chloramine failed to 
prevent.—R. E. Thompson. 


Some Aspects of Filtration-Plant Design 
and Operation. Epwarp R. StapLey. South- 
west W.W. Jour. 24: 11: 14 (Feb. 43). © 
Factors in aeration: time of contact, film on 
thickness, reforming of films and concn. of a. 
odor substance in water. For height of 63’, _ 
rising air bubbles of various sizes in contact 
with water 16 times as long as drop felling — 
this distance. Time advantage of 10 falls 
of 1’ each over 1 fall of 10’ is 3 to 1. Film 
thickness on falling drops } of that on rising a 
air bubbles or of water at rest. Forwater 
stirred at 60 rpm. and at 1000 rpm. film 
thickness § and 45 of water at rest. Though 
time advantage of rising bubble is 2 to 1 over 
falling drop, aeration by falling drops more 
effective because of coalescing to form large _ 
bubbles, and greater difference between concn. 2 
of gas in water and adjacent air in falling 
drops. Author believes improvement 
veloc. distr. at inlet end of settling tanks — 
could be obtained if water introduced by | 
equally dividing and redividing flow by sym-_ 
metrical wye sections of pipe so that it would — 
enter tank at several points distributed across — 
end. Semi-fixed type baffles to permit some | 
exptl. adjustment recommended.—C.A. 


Chemistry and Biology of the Slow Send 
Filters at the Madras Water Works. S. V. 

GANAPATI. Proc. Natl. Inst. Sci. (India) 6: 
237 (40). Experiences at water works of 
Madras indicate that slow sand filters which 
treat impounded surface water produce water 
of poor bact. qual. and contg. hydrogen sul- 
fide. Hydrogen sulfide formed under anaero- _ 
bic conditions in body of filter by decompn. _ 
of sulfates by Spirillum desulphuricans. Dur- 
ing summer, production of hydrogen sulfide = 
greater than loss of sulfates; difference cannot 
be acctd. for by decompn. of compds. of org. | 
sulfur. Hydrogen sulfide stored during win-— 
ter as ferrous sulfide which is decomposed = 
during summer by carbon dioxide formed by _ 
decompn. of org. matter.—C.A. 
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The Influence of Geology on the Construction 


of Impounding Dams. EpGAR Morton. 
Wtr. & Wtr. Eng. (Br.) 49:71 (Feb. °46). 


Sedimentary soils and subsoils resulting from 
disintegration of underlying rock formations 
occur in substantial thicknesses only in non- 
glaciated areas represented by southern 
counties of England. Alluvial deposits com- 
prising permeable silts, sands or gravels are of 
comparatively shallow depth in mountain 
valleys, consequently their excavation from 
beneath sites of impounding dams generally 
practical. Glacial drift deposits consisting of 
structureless boulder-clays, laminated clays, 
sands and gravels exceptionally variable in 
thickness and distribution. At times, thick- 
ness of glacial drift deposits so considerable 
that sites have been abandoned. Scree or 
talus, highly permeable and likely to slide 
when satd., should be avoided in choosing dam 


site. Landslips common feature in moun- 
tainous country. Movement likely at any 
time, particularly after prolonged rainfall. 


In considering solid rock formations, con- 
venient to distinguish between impervious 
type areas and partially pervious areas. In 
mountainous districts of Wales and Lake 
district of Scotland, rocks of great geological 
antiquity so highly compressed that they are 
impermeable. In partially permeable areas 
of Pennines, beds of gritstone and limestone 
alternate with beds of shale, former being 
permeable by virtue of fissures. Sections 
exhibited to Cowpe Reservoir (Bacup) afford 
notable instance of leakage through gritstone 
under floor of valley. When gritstones crop 
out on valley sides only remedy in_ pre- 
cementation days was lengthy and costly 
wing trenches. Valley creep or superficial 
buckling of compressible strata in floor of 
valley, resulting from inward movement of 
valley sides represents problem encountered 
in valleys of Pennine type. Geological faults 
are of little moment where they 
sites in areas of impervious type excepting 
insofar as soft material may be encountered 
in fault zone. Massive limestone beds must 
be avoided on lower 
outlets exist for escape of water percolating 
into fissures. Successful diagnosis of ge- 
ological conditions on reservoir site involves 
detailed geological survey, sinking of bore- 
holes, and bringing to bear cumulative knowl- 
gained from study of reservoir sites 
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The Stress-Distribution in Gravity Dams 
O. C. ZIENKIEWICcz. J. Inst. Civ. Engrs, 
(Br.) 27:3:244 (Jan. '47). Theory that distr, 
of stresses on horizontal sections of dam js 
linear is incompatible with theory of elasticity 
for regions near base of dam. Actual dam, 
with foundations and abutments, presents 
three-dimensional problem, exact anal. pre. 
senting insuperable difficulties. For central 
section of long, straight gravity dam problem 
reduces to two-dimensional plane-strain case. 
Elastic theory gives results most closely ap. 
proximating actual distr. and is most logical 
basis of design. Stresses developed consist 
of: (a) those caused by action of ext. or body 
forces; and (b) internal or residual stresses 
caused by shrinkage, temp.-variation, ete. 
Many attempts to det. elastic distr. of stresses 
have been made since beginning of century, 
most successful being based on expt. Results 
in this paper based on method suggested to 
some extent by Richardson’s work and ob- 
tained by using Southwell’s method of relaxa- 
tion. Results are summarized as _ follows: 
Reservoir full: (1) vertical stress: (a) for upper 
part of dam from 14 to 14 height above foun. 
dation stresses are distributed practically 
linearly, (b) for horizontal sections near or at 
base distr. departs markedly from linearity, 
(2) Shearing stress: (a) for upper part shearing 
stress on horizontal sections agrees with 
parabolic distr., (b) for horizontal sections 
near to or at base of dam distr. departs from 
classical theory forming generally concave 
curve with max. values near face of dam. (3 
Horizontal stresses: On vertical sections in 
foundation upstream of dam, and also some 
horizontal stresses tend 
to become tensile. (4) Principal stresses: 
and max. shear stresses: (a) Greatest values 
of compressive principal stress occur along 
downstream face of dam, increasing toward 
toe. (b) Tensile principal stresses develop in 
all cases in foundation upstream of heel. (¢ 
Trajectories of max. shear stresses are nearlj 
horizontal and justify usual investigation of 
horizontal sections against shear failure. 
(5) At heel, in corner of to2 and heel, if corner 
is sharp, both tensile stresses tend to become 
infinitely tensile, and shearing stress tends to 
Effect of rounding corner is limited 
making stresses 
toe, if corner is 
stresses will 
localized 


distance inside dam, 


infinity. 
to immediate neighborhood, 
finite in actual corner. At 
sharp, infinite compressive 
theoretically develop, but concen. 
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and will not be source of danger if corner is 
Jightly rounded. When reservoir is empty: 
1) Vertical stresses: On. horizontal sections 
gre distributed practically linearly, even for 
sections near base. (2) Shearing 
show parabolic distr. corresponding to linear 
qormal stress. (3) Horizontal stresses on 
vertical sections are compressive and of small 
(4) Principal stresses and max. 
shear stress. (a) Max. principal stresses tend 
1 develop near upstream heel corner. (b) 
No tensile principal stresses development. 
:) Max. shear stresses considerably exceed 
yalues of horizontal shear stresses. (d) Tra- 
ectories of max. shear stresses are lines in- 
clined roughly at 45° to vertical and are pos- 
sible planes of failure when reservoir is 
empty. Max. compressive stresses developed 
in dam, by elastic theory, when reservoir is 
full, do not, generally, exceed those by classi- 
cal method. Smallest local factor of safety 
against shear failure will also occur at points 
of highest compression along downstream 
face, elimg. necessity of considering total shear 
resistance of any horizontal section. Most 
dificult condition to satisfy is that of no 
tension. Most dangerous region inside dam 
is near heel, where satisfying middle-third 
nile does not always elim. tension. As 
agreement between classical and elastic the- 
ories is good in upper portion of dam, this 
can be designed safely by usual methods.— 
H. E. Babbitt. 
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Suspended Solids in the Water of the Upper- 
most Reach of the Vaal River. J. McCRAE. 
Wtr. & Wtr. Eng. (Br.) 49:9 (Jan. ’46). In 
17 yr. water draining from first 258-mi. reach 
of Vaal River, from drainage area of 18,000 
«mi., was 3615 mil. acre-ft. (Br.). Water 
carried 64.31 mil. tons (Br.) of insoluble, 
suspended solids; and in 8 yr. 20.76 mil. tons 
Br.) of insoluble solids were deposited in 
Vaal dam. This would produce about 830 
mil. cu.ft. of mud, or 2.17% of dam capac. 
Avg. annual deposition is about 0.25% of 
dam capac.—H. E. Babbitt. 


Earth Dam Failures. MuiL_ton G. SPEEDIE. 
Civ. Eng. (Br.) 39:223 (Oct. '44). Abstracted 
from J. Inst. Engrs. (Australia) 16:10. 
Failure of low dams not uncommon. Lack of 
adequate spillway capac. caused greatest 
number of failures. Next most common 
causes found to be inadequate cut-off in 
foundation and around outlet conduits and 
excessive quants. of fine or poor material. 
Only few failures attributed 
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to insufficient main body of core wall, (c) passage through 
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stability of embankment on foundation. In 
past decade, majority of failures have been 
ascribed to unsatisfactory foundations. Ex- 
ample of each type of failure: Fort Peck Dam 

Slide occurred as result of weak rock and 
bentonite seams in foundation. Chingford 
Dam—Treacherousness of clay forming 
foundation illustrated by failure, during 
constr. Corpus Christie Dam—Failure as 
result of ‘“‘piping’’ through foundation. 
Leakage beneath sheet piling which had not 
been driven to clay resulted in washing out of 
fine foundation material and failure of struc- 
ture. Tappan Dam—Investigations disclosed 
horizontal shear plane 6” to 12” below top of 
foundation clay layer. Location of plane 
considered to be just below zone affected by 
rolling of fill. Movement apparently pro- 
duced as result of residual stresses built up in 
fill by rolling, and by superimposed materi- 
als. Alexander Dam—Hydr. fill structure 
failed as result of inadequate drainage during 
constr. Belle Fourche Dam—25 yr. after 
constr. slide occurred following water level 
drawdown of 25’ in 60 days. Subsidence 
apparently resulted from high pore pressures 
reducing intergranular friction in embank- 
ment as stabilizing effect of water pressure 
being reduced as weater level fell. Swedish 
method of anal. has proved satisfactory in 
predicting instability of embankments and 
foundations. Failures of structures con- 
structed in recent years have been caused by 
weak foundations in large proportion of 
cases.—H. E. Babbitt. 


Leakage of A Clay Core-Wall. ALan W. 
BisHop. Surveyor (Br.) 105: 343 (May 3, 
46). From '39 to Feb. '45, depth of water in 
one of larger Lee Valley reservoirs restricted. 
On raising level, water appeared at toe of dam 
to such extent as to arouse fears for its safety. 
Main embankment consists largely of surface 
clay, topsoil, gravel and some peat; provided 
with cut-off wall of puddled clay. Owing to 
settlement of embankment, found necessary 
in '39-’40 to top up core wall. This done 
with layer of puddled yellow London clay. 
In constr. no provision made for under- 
drainage of outer slope of embankment. 
Questions presenting themselves: (a) whether 
leakage indicated beginning of major failure 
and what precautions should be taken, and 
(b) cause of leakage and permanent remedial 
measures. Presence of water might be ac- 
counted for by: (a) passage under core wall 
and cut-off embankment, (b) passage through 
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upper belt of core wall, subjected to drying 
during '39-’45. Test pits sunk to investigate 
upper section of core wall. Upper portion of 
wall in deteriorated state, except portion 
placed in '39-'40. Surface soil adjacent to 
banks generally porous, contg. mole runs. 
Seepage taking place through upper belt of 
core wall. Three characteristic, principal 
zones of deterioration distinguished. Changes 
to be accounted for are: (1) color change from 
yellow, gray, and black to uniform blue-gray, 
(2) loss of plasticity and formation of slick- 
ensides in zone 1, (3) additional deterioration 
leading to seepage in zone 2, and (4) forma- 
tion of hard upper zone. Use of puddle clay 
came into prominence when canals were 
being built. Telford abandoned use of pud- 
dle in exposed positions because of weather- 
ing. Sir A. Binnie (1877) states puddle clay 
should be tough and impervious. Rankine 
stated proper material for puddle clay ‘‘is 
clay contg. as much sand and fine gravel as is 
consistent with its holding water. If there is 
too little sand, puddle is likely to crack in dry 
weather.”’ Difficult to state what properties 
of clay will indicate whether suitable for use 
as puddle for incorporation in permanent 
works. Experience of this investigation is 
that Atterberg limits are important indication 
of suitability of clay. As consistency of 
puddled clay is determined by relation of 
moisture content to Atterberg limits, clear 
that fat clay with high liquid and _ plastic 
limits will, in puddled state, have higher 
moisture content than lean or silty clay with 
low Atterberg limits. Noted that another 
London reservoir with London clay core wall 
in relatively pervious embankment and sub- 
ject to same water-level restrictions did not 
suffer from drying cracks to any appreciable 
degree. Liquid and plastic limits 76 and 26 
respectively and moisture content in core 
wall about 43%.—H. E. Babbitt. 


Santa Barbara Will Double Water Storage 
by Raising Dam. ANON. Western City 23: 
3:28 (Mar. 47). City of Santa Barbara 
planning to raise Gibralter Res. on Santa 
Ynez R. and double capac. Work to start in 
May and finish by Oct. before winter rains. 
Dam built 26 yr. ago with 15,000 acre-ft. 
City needs 5,000 acre-ft. per yr. at 
this time. Silt, debris reduced capac. to 1/4; 
pop. has doubled. No safety margin re- 
mains, drought would be serious. County- 
‘wide plan calls for large reservoir below 
Gibralter Dam to impound 125,000 acre-ft. 
Need for immediate addnl. storage cited. 


capac. 
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Raising of Gibralter Dam will add addn| 
year’s storage and reduce chance of shortage 
Accompanying diagram shows  graphicalh 
deg. of insurance to be gained by enlargemen 
Plans for improvements include raising dan 
13’ by adding concrete on top of arch, trebling 
size of buttress on left end of dam to affog 
sufficient mass to resist increased thrust 9 
arch, thickening and raising spillway weip 
installing automatic steel spillway gate 
grouting foundation at left end of dam, Ay 
designs will be checked by State Engr, g 
Calif.—A. C. Rener. 


Matilija Dam. Two Separate Dam Type 
Combined. [This article on the constructig 
of the Matilija Dam written by Englis 
students of the Santa Paula High Schog 
after a thorough inspection trip over th 
project. ]. Western Constr. News. 22:4-% 
(Apr. 47). In Matilija Creek Canyon 16 mj 
from Ventura, Calif., dam being constructe 
combining cantilever arch with gravity bag 
Has gravity section Composite Cross. sectiop 
arched base from el. 935 to 960 and slip join 
separating it from variable radius, variabk 
angle, thin section arch to el. 1140, Slir 
joint made by polishing surface, applying 
1." graphite paste and sheet of asbestos. Up 
stream side sealed with copper water stop 
rubber gasket. Arch acts on abutment, ng 
gravity base. Entire 629’ crest acts as over 
flow, 36” outlet line, 48” sluice gate at bottom 
fish ladder. Started in '46, 82,000 cu.yd 
debris cleared. Reservoir capac. 7000 acre. 


ft. Concrete pouring method described- 
A.'C. Rener. 

Claerwen Dam, South Wales. ANon. Th 
Engr. (Br.) 182:512 (Dec. 6, '46). Citys 
Birmingham Water Commission recent) 
received authority to construct Claerwe 


dam. Existing works in Elan Valley com- 
pleted in 1904. Present storage capac. i 
estd. to provide 72 mgd. (Imp.). During wa 
vears rock foundations for new scheme teste 
by excavation. New dam will have heighti 
crest level of 182 ft. above stream bel 
Length will be 1066 ft. Reservoir will be! 
mi. in length with capac. of 10,860 milgd 
(Imp.). Roadway to be carried over top@ 
dam. Provision made for 4 dischg. pipest 
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release of water into river downstream fro 
dam, whence it will flow via Dol-y-Mynat 
tunnel into Careg Ddu reservoir, and the 

through Foel tower into aqueduct to Bim 
ingham. Scheme is estimated to cost £1,70 
000.—H. E. Babbitt. 
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Notes on the Investigation and Design for 
the Chew Stoke Reservoir. A.M. Paterson. 
Wer. & Wtr. Eng. (Br.) 49:452 (Aug. '46). 
in ‘34, before Cheddar Res. completed, in- 
creasing consumption indicated need to look 
ahead for next source of supply, and attention 
given to valley of R. Chew. It lies 7 mi. sw. 
of Bristol and is separated by low rise from 
head of existing watershed of Yeo Res. Ge- 
ology ranges from carboniferous limestone of 
Mendips at head of valley to red marl of 
valleys, flanks of Chew Valley and hills of 
ubsidiary areas being capped with 
jyg. rainfall of main catchment area 41”. 
Runoff is about 20” in avg. yr. In estg. 
vield of Chew 3.67, 4.40 and 4.60 mgd.(Imp. ) 
were taken for 3 dry yr. For subsidiary 
areas gross yields have been put at 3.10, 2.0 
and 1.0 mgd. (Imp.). Compensation water 
was agreed at 3.15 mgd.(Imp.) for May to 
Nov., and 1.50 for remainder of yr. Dam 
will be earth structure of conventional design, 
with 5-ft. wide concrete cut-off. Overflow is 
to be of spill-weir-bywash type. Water from 
subsidiaries will be conveyed to res. in con- 
crete pipes. Diversion of 3 roads for total 
length of 3 mi. is entailed. 36” steel main 
wil take water to pumping station located 
ust below dam. Station has capac. of 16 
mgd.(Imp.). To protect water, strip of land 
(25 mi. wide has been purchased around res. 
j villages with total pop. of 2000 are on main 
watershed, and one on subsidiary area. It is 
etd. that water entering res. will have 260 to 
210 ppm. of hardness, falling to 220 ppm. 
after storage. Every endeavor made to main- 
tain or enhance amenities of attractive valley. 
\s circumstances now do not justify reservoir 
scheme, sanction recently obtained to carry 
wt intake stage only. This will comprise 
intake and temporary pumping station at dam 
site, with permanent pumping station to 
existing aqueduct. Total capac. will be 11 
mgd.(Imp.).—H. E. Babbitt. 
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A New Dam in Central Asia. Boris SEVE- 
Wer. & Wtr. Eng. (Br.) 49:461 (Aug. 
46). For 1740 miles, from its source in foot- 
hills of Tian Shan to its mouth at Aral Sea, 
central Asian river Syr Darya flows through 
territories of four Soviet republics. To con- 
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serve flood waters, enormous reservoir will be 
builton Syr Darya. Site for reservoir is little 
above spot where river enters territory of 
Uzbekistan in Kara Kum. Dam _ will be 
several thousand meters long and will form 
reservoir with area of about 232 sq.mi. to 
collect more than 5 mil. cu.m. of water. Kara 
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Kum reservoir will revive vast areas of land in 
“hunger’’ steppe, now barren for lack of 
moisture. Dam will make possible large 
hydroelectric power plant which will be one 
of largest in entire eastern U.S.S.R. As Kara 
Kum reservoir will become internal sea in 
Ferghana Valley, it will help temper 
climate.—A. E. Babbitt. 
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Site Investigations for Reservoirs and Dams. 
V. D. Harty. Surveyor (Br.) 105:127 ('46). 
Site for reservoir may be covered with deep 
drift or show rock exposures with varying 
thickness of drift between exposures. In 
sedimentary rock if site formed by synclinal 
depression so that rock dips towards reservoir 
on both sides, geological indications favor- 
able. Certain strata such as _ crystalline 
igneous rock, shales and schists generally not 
likely to give rise to much leakage. Sand- 
stones, conglomerates, dolomite and soluble 
rocks such as gypsum and limestone require 
investigations for fissures and solution chan- 
Site investigations provide information 
Type of material overlying rock, 2. 
Contour of rock surface, 3. Permeability of 
rock and drift, 4. Course underground 
stream and other seepages, 5. Effect of river 
water on proposed structures and 6. Materials 
available for earth dams and their properties. 
When overlying material shallow, best method 
is to sink pits which enable material to be 
examd. in place. Level of rock surface if 
depth is shallow detd. by pits and probings. 
Cost of borings and slow speed restrict engr. 
in amt. of information that can be obtained 
economically. As cores not obtained, par- 
ticular care must be taken in interpreting 
results. Testing rock for leakage generally 
done in descending stages of 20 ft. to relate 
leakage to various strata. If leakage de- 
tected, hole grouted. Where rock in nearly 
horizontal beds, max. grout pressure must be 
reduced to insure that strata will not be dis- 
turbed. Where permeability of drift is to be 
examd. undisturbed samples removed from 
borehole and tested for permeability in labor- 
atory. Dischg. and temperatures of all 
springs and marshy spots immediately below 
dam sites require recording for some time be- 
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fore reservoir filled and after water level 
raised. By comparison leakages may be de- 
tected. Piping is removal of material by 


percolating water; begins where water leaves 
soil mass. If stability of soil grains at these 
points insured, structure safe. Certain nat- 
ural waters attack Portland cement; desirable 
to test water to be impounded for aggressive 
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properties. Essential requirements of earth 
dam are that: (1) it be sufficiently imperme- 
able, (2) velocity of percolating water such 
that piping cannot take place, (3) selected 
materials and profile of dam stable under most 
unfavorable combination of shear character- 
istics and pore pressures that may occur dur- 
ing life of structure.—H. E. Babbitt. 


Maintenance of the Spillway Bucket of Grand 
Coulee Dam. Anon. The Engr. (Br.) 180: 
300 (Oct. 19, '45). To destroy as much as 
possible energy of falling water designers pro- 
vided capacious bucket at bottom of spillway. 
It has max. width of 105’ and depth of sub- 
stantially 30’. Bucket exerts cushioning 
effect on falling water while reversing direc- 
tion of flow of much of impacting water so as 
to throw it upward and backward on itself. 
At same time considerable vol., as undercur- 
rent, sweeps over lip of bucket and downward 
and backward against water moving onward 
downstream, but with considerably reduced 
veloc., thanks to effect of bucket’s action. 
Period of 7 yr. passed after dam constr. before 
subaqueous examn. could be made of bucket. 
Initial inspection made in Mar. '43, by divers. 
Second underwater inspection made in Dec. 
‘43. Examn. indicated that rate of erosion had 
decreased, although extent of damaged areas 
had increased. No indications were found 
that dam had suffered. Immediate cause of 
some of erosive action found to be heavy 
pieces of structural steel that had dropped 
into bucket during constr., and boulders that 
may have been swept upstream from bed of 
river by backward eddying water sweeping 
over lip of bucket. To check further damage, 
Bureau of Reclamation has under constr. in- 
spection and repair work caisson. Mobile 
caisson is steel structure, rectangular in plan, 
nearly 121’ long, with over-all width of about 
57’. Steel barge will be carried that can 
float free of caisson, as caisson sinks. Under- 
body of caisson is so shaped that it subscribes 
exactly to contour of bucket into which it is 
designed to settle. Caisson will be succes- 
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sively moored along spillway as it is shifted » 
desired position. Approx. weight of caisson 
when submerged and with forward ballay 
and trimming tanks partly filled for sinking 
is 640,000 Ib. During high-water  seasoy 
caisson will be in dry dock. Cassion will, yy 
doubt, be ready for service when next Joy. 
water stage of river arrives.—H. E. Babbit, 


Heavy Pollution of an Inland Reservoir }y 
Seagulls. J. F. Warn. Med. Officer, 7 
6:61 (Aug. 10, '46). Heavy bact. poln, 
reservoir of Birmingham City Supply has o. 
curred for past few years during winte 
months. Source of poln. traced to seagulk 
Some of water from reservoir passes direct] 
into supply, and this chlorinated for first tiny 
in '38, dose being sufficient to give residual o 
0.3 ppm. Bact. condition of water afte 
storage uniformly satisfactory in ’38—'39; on) 
one bad sample obtained during first winter ¢ 
war, but succeeding winter of '40—'41 showe 
poln. of mild character, persisting for } 
months. In ’41—'42 deg. of poln. increase 
considerably and results became even wory 
during next 2 years; but in vears '44-'4 
there has been improvement in qual. as resy} 
of remedial measures. Observed that period 
of poln. coincided with appearance of lar 
numbers of gulls on reservoir. Each succeed 
ing year gulls came in ever increasing number 
and seemed to have formed migratory hab 
to reservoir concerned. Gulls left re 
ervoir during daytime to feed by followin 
plough, or to obtain food from refuse tips 
and returned in evening probably conveying 
pathogenic bacteria to water. At all time 
poln. adequately dealt with by chlorination 
but doses as high as 1 ppm. sometimes rn 
quired and always anxiety of breakdown i 
chlorinating app. Explosives used to frighte 
gulls away, and proved very effective « 
shown by improvement in bact. qual. 

water in last 2 years. Small number : 
charges of gelignite exploded close to reservor 
just before and after dusk, when gulls settlin 


down to roost.—B.H. 
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